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For 
humans, 
a better life 
on Earth. 
Soon, 26 years of space 
exploration will begin to 
payoff in ways few Amer-
icans can imagine. When 
America's first permanent 
space station goes into 
orbit, here is what NASA 
expects to learn: 
How to manufacture 
purer vaccines and new 
drugs impossible to make 
on Earth. 
How to manufacture 
computer chips with 
capacities that are one 
hundred times greater 
than the best we have 
now. 
How to create 
metal alloys far 
stronger and 
far lighter 
than any 
made on 
Earth . 
How 
to create 
metals 
that can 
transmit 
electrical 
energy with no 
• A, regIstered uademark of General ElectriC Company 
162·111 
appreciable loss of power. 
(The savings to consumers 
could be billions of dollars 
every year!) 
How to manufacture 
self-lubricating metals 
which could mean 
automobile engines 
lasting 500,000 miles 
and more. 
These are 
only a few 
of over 150 
. I 
expenments 
being planned 
right now that 
will be made possible by 
NASA and companies such 
as General Electric. 
Planting the 
seedsofkno~ledge 
25 years ago. 
Work NASA began long 
ago will soon teach us not 
only how to grow food in 
space,butperhapseven 
how to grow more and 
better food on Earth. 
The seeds General 
Electric 
helped 
send into 
space on 
Discoverer 
32 in 1960 
propagated 
a new gen-
eration of increas-
ingly sophisticated-
and fruitful - experiments. 
news 
On Bio-satellite II, 
wheat and peppers were 
successfully germinated. 
On Apollo 16 
in 1972, beans 
and watercress 
were studied. 
On Skylab 3 in 
1973, the growth 
and germination of rice. 
On the 1982 shuttle, 
bean sprouts, oats, and 
pine seedlings. 
In 1986, GE will be 
involved in further 
work on the Space 
Shuttle with wheat 
and oats. 
One thing NASA 
hopes to learn is 
whether it's possi-
ble to grow more 
from every seed. 
Good ne~s for 
heart patients 
on Earth. 
For fourteen 
years , GE has 
worked with NASA 
on the effects of 
weightlessness on 
the cardiovascular 
system. A new device 
GE has helped develop 
for use on America's 
permanent space sta-
tion may soon make 
it possible for doc-
tors on Earth to 
use a noninvasive 
technique instead of cath-
eterization in the treat-
ment of heart patients. 
The GE device uses a 
trace gas inhaled and 
then measured dur-
ing exhalation and 
monitored 
exercise. 
This 
permits 
heart 
behavior 
experi-
mentation 
in space 
without 
catheteri-
zation.And 
for heart 
patient on 
Earth this 
technique 
would be a 
welcome 
benefit . 
A major achievement 
for the 20th century. 
General Electric has 
been committed to 
NASA and to the ex-
ploration of space 
for the benefit of 
humanity for over 
25 years. We are 
now building 
NASA's Upper 
Atmosphere 
Research 
Satellite (UARS) to 
develop our under-
standing of the Earth's 
atmosphere on which 
all life depends . We 
look forward to work-
ing on what will be 
one of the most impor-
tant scientific endeav-
ors of the 20th Century -
America 's first permanent 
space station. 
Space Systems Division, 
Valley Forge, PA. 
Leading from the start .. . 
and working on the future . 
Join the GE Team: Find 
out about opportunities at 
GE Space Sy tern Division. 
Write: Profe sional Staffing, 
General Electric Company, 
234 Goddard 
Blvd. , King of 
Prussia, PA 
19406. 
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What do Space Stations and Subma rines Ha ve in Common? 
Space stations will be required to be self-sufficient 
for long periods ... just like submarines. Vitro Cor-
poration has long ensured the sustained on-
station operation of the submarine fleet. 
How does Vitro make this happen? 
Fulf Support· Vitro provides the logistics sup-
port. maintainability support, and systems 
engineering necessary to keep a submarine on 
patrol for extended periods. 
Long Experience · Vitro support capability is 
founded upon over 35 years of systems engineer-
ing experience. Our engineers are well-versed in 
the techniques that ensure optimum systems 
operation in a demanding environment. With 
over 6,200 employees, Vitro provides mission sup· 
port analysis, quality assurance, software, and 
modern management Information systems to en-
sure system operability. 
Extensive Resources ·Yes, a space station or-
biting our planet and a submarine patrolling our 
oceans have many needs in common. Vitro has 
and will continue to meet those needs. Our com-
bination of experience, technical capability, and 
resources is unmatched. 
This capability is available to you. Vitro Cor-
poration stands ready now to work with you to en-
sure a long and successful Space Station Pro-
gram .. . to continue a tradition of excellence. 
CORPORATION 
14000 Georgia Avenue, Silver Spring, Maryland 20910 
For information call our Marketing Manager, (301) 231 -1300 
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Artificial intelligence and robotics: giving machines the abilitY- to sense, 
reason and act. 
Much as it may hurt to 
think so, many things 
might be dO'He better by 
independently functioning 
machines than by humans. 
Certain tasks may require 
superiJUman precisiotl or 
speed, or need to be done 
where humans can't go. 
Martin Marietta is 
creating systems that 
combine the ability to srnse, 
reason and take action -to 
functi01l au tOl1omously 
m1d intelligrntly And we 
are explorh1g ways to put 
them to work 011 a variety 
of tasks. 
Docking and refiuling for 
Orbital Tratlsfer Vehicles 
In space: 
better ways to 
do servicing. 
NASAs manned space 
statio'H and orbiting 
satellites will require the use 
of many robotic devices 
drivrn by artificial 
httelligrnce. 
Traveling robotic 
servicer arm 
Orbital Maneuvering 
~ Vehicle 
~.~?).-:" • .-I 
Robotic arm rePlacing~/"';'EAo:::.==:;~fli 
electronics tmit 
AHalytical iHtelligence 
programming ~ 
On earth: 
faster manufacturing 
and inspections. 
W,'th creatIve j~1telligence 
stemming from software 
that we are developing, 
autonomous robots Calf 
quickly and efficiently 
perform batch 
manufacturillg and 
precisioH inspections, ev~l 
choose their own tools, 
~~rl- Bmary image-
SetlSOr and 
tool 
deciding road properties 
On the road: 
autonomous 
navigation. 
Artificial intel/;gence 
systems that use advanced 
S~ISOry perception 
technologies are beillg 
developed mId demonstrated 
in the Aut0110mous Lmd 
1khide. Already able to 
follow roads, tlJis mobile 
test bed will eve1ltually be 
able to plan its route, avoid 
obstacles aHd evetl tl1Yead 
its way across country. 
Drawing "ti1es," 
c(!'I/erline -
recovery of deplh 
Boundaries, 
direction alld C(!'Iter/illl 
on TV Image Autonomous 
Land 1khicle 
IIIIARTIN IIIIARIETTA 
Martin Marietta Corporation 
6801 Rockledge Drive, Bethesda, Maryland 20817, USA 
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Editorial Notebook 
Feedback. 
Please • • 
I t's no secret that we're interest-ed in reader response .. . that's why we include postage-paid feed-
back cards in every issue of Tech Briefs. 
Certainly a kind word always makes our 
day, and we're as delighted as anyone 
else by "orchid letters," but that's not our 
real purpose in furnishing these reply 
cards. We want to answer any questions 
you may have, handle your complaints 
(which we hope are few), and receive your 
suggestions (which we hope are many). 
However, there's another use to which 
we'd like the feedback cards to be put. 
NASA Tech Briefs is published with the 
express intent of sharing with American 
industry the new technologies, pro-
cesses, information-in short, original 
ideas-that have evolved through the 
space exploration process. From the mail 
we've received to date, it seems that 
we've been doing that successfully in-
sofar as you, our readers, are concerned. 
What we'd like to know more about is: 
After you get the information, what do you 
do with it? "Mission Accomplished," the 
feature found in the back of every issue 
of NASA Tech Briefs, highlights a prod-
uct or service or company that has come 
about as a direct result of technology 
transfer. Every year NASA publishes 
Spinoff, which is not only a summary of 
NASA's current mainline programs, but 
also is a compilation of products and pro-
cesses that have been spunoff as a result 
of NASA's ongoing efforts. If you haven't 
seen Spinoff, ask for one on the feedback 
Will your next 
proposal win ... 
6 
Some of the world's most 
successful technology companies 
depend on us for their proposal 
needs. We supply top-caliber 
proposal consultants, engineers 
and writers in confidence. In a 
hurry. Anywhere in the free world . 
We cover every requirement put 
forth by government or utility RFP, 
RFQ, IFB or Tender ... in any 
advanced technology. Aerospace/ 
Defense, Energy, Transportation . 
You name it, we've covered it. 
Successfully. 
We increase your probability of 
winning-assisting or totally 
managing your proposal so that it's 
more responsive and better priced. 
Circle Reader Action No. 327 
card you'll find in the back of this issue. 
As long as supplies last, you'll get one. 
With all the spinoffs that have been 
identified, we know that there are 
manifold more that have gone un-
heralded because we don't know about 
them. Please, use the feedback cards to 
share with us what you do, have done, or 
plan to do with the information you've 
received from NTB. Your answers will 
help us become more effective com-
We develop strategy, organize and 
present in the latest proven 
formats a professional proposal. 
We speak well for your corporate 
interests through objectivity and 
planning. Our risk assessments, 
trade-off analyses, "devil's 
advocate" reviews and proper 
man-loading estimates fine-tune the 
technical/cost interaction so 
important to the competitive edge. 
We know proposals. And our 
experience gets results. 
Pride, performance and hands-on 
professional presentation. A-E 
Systems Management. Inc.-the 
winning edge. 
~ 
.. THE WINNING EDGE 
Proposal Management/Consulting 
1089 West Granada Blvd ., Suite III 
Ormond Beach. FL 32074 
Take a closer look. Call or write for a 
professional. non-{)bligatory critique of 
your existing proposal ~le or 
evaluation of your next RFP. 
T.F. Visconti, President 
Telephone (904) 673-4725 
Telex 568899 (AESMI ORBH) 
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Editorial Notebook 
municators, and improve our com-
munication with you. 
• • • 
There are a variety of NASA programs 
which solicit private-sector involvement in 
developing technology for commercial 
applications. As we continue to publish 
NTB, we will try to bring them to 
your attention. 
Our series on NASA's field research 
centers continues in this issue with God-
dard Space Flight Center, Greenbelt, 
Maryland. Goddard has a very active pro-
gram in secondary technology applica-
tions. Its Office of Commercial Programs, 
under the direction of Don Friedman, 
coordinates technology transfer and 
utilization for a number of applications 
projects, a few of which are mentioned on 
page 12. 
Goddard is also participating in the 
federal government's Small Business In-
novation Research (SBIR) program. The 
SBIR program's operative assumption is 
that the small business/entrepreneurial 
company has the best chance of taking 
a fresh technical idea and rapidly bring-
ing it to the marketplace. Dr. Noel Hin-
ners, center director, sums up Goddard's 
involvement with the SBIR program this 
way: " One of the things we want to be 
sure we do at Goddard is to make the 
• Hot 
(500 km) length 
• Amplifier cage - optional 
Don Frledm.n, left, clllef of Oodd.rd'. OffIce of Comm ... c/.' 
Progr.m., Henry CI.rfc., .ct/ng director, NASA'. Technology 
Utlllz.t/on OI"'./on, .nd .111 Schnlnlng, NTB publl.h ... , loole on 
•• Dr. Noel Hlnne,.., dIrector of Oodd.rd Spece FlIght Cent ... , 
ex.m/ne • • model of the tr.clc#ng .nd d.t. rel.y •• telllte. 
developed technology known and 
available to private industry so that they 
can benefit from it. In terms of its ability 
to involve small business, the SBIR pro-
gram is quite impressive. Based on an-
nounced 'Areas of Research Interest,' 
Goddard may sponsor about a dozen or 
so phase I proposals, with funding in the 
range of $25,000 to $50,000. Phase II fun-
ding may be available for up to around 
$500,000 if a project is particularly pro-
mising. Goddard has been involved in 
SBIR for two years, and has about 25 pro-
jects in progress." 
Overall , NASA's 1985 SBIR program 
includes 150 research projects, which 
were selected from a field of 1164 pro-
posals. NASA's fiscal '85 budget includes 
approximately $7.5 million for phase I of 
the SBIR projects. The program is ad-
ministered by NASA's Office of Commer-
cial Programs. You can get more 
information by writing directly to this of-
fice at NASA Headquarters, Code IC, 
Washington, D.C. 20546 . .. or you can 
use the feedback card. 0 
• 17 different amplifiers to choose from 
8 
For more information on this new recorder, or for information on our complete line of oscillographs, strip chart or 
X-Y recorders, and digital plotters, call our Customer Service department today. In California call (714) '170-68'10-
Outside California. (800) 854-8385, or write: 
12 Chrysler Street. Irvine, CA 92718 
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Here's one supermini that~ 
--.- -
- - -_ ..... 
---
-. ---
- - - ---
--~- , -
4361 
gonna knock your socks off. 
It's the mM 4361. 
And it's setting new standards for cost-performance. mM? Supermini? For 
computational processing? You bet. It'll knock the socks off a centipede. 
Speed. The 4361 features a high-speed cache buffer. It has a separate floating-point 
processor to handle multiplication. And it executes the 70 most-used instructions in the 
hardware. No wonder the 4361 will turn in a Whetstone that will knock your .... You get 
the idea. 
Precision and accuracy. The 4361 has advanced 32/64-bit architecture. It can handle 
31-decimal-digit precision. And as for accuracy, IBM's high-accuracy arithmetic 
facility (ACRITH) includes 22 special floating-point instructions that can be used to 
process iterative calculations accurately. The ACRITH program notifies you if the 
accuracy you need can't be maintained. 
Ease of use. The 4361 needs no pampering. Install it almost anywhere-in a corner of 
your office, for example. And the 4361 can run unattended, with no onsite DP specialist. 
To make life easier yet, there's the IBM Engineering/Scientific Support System 
(E/S3)-a consistent, menu-driven interface for interactive users. E/S3is rich in function 
and offers an open architecture so you can add applications easily. It handles graphics, 
text and data manipulation. And it supports a wide range of administrative applications. 
Attachability. What would you like to attach to your IBM 4361? Lab instruments? 
Personal computers? ASCII-oriented devices? Are they Multibus* or Unibus**-oriented? 
Or do they use a serial digital interface? The 4361 welcomes them all. It attaches to 
IBM and non-IBM devices of all kinds. 
Growth path. The 4361 protects your investment. It can be upgraded on your premises 
over a processing power range of three to one. At low cost and in small steps. If you out-
grow even the biggest 4361, you can move up to 
the IBM 4381 or one of the large 308X or 
3090 processors. 
There's much, much more. In technology, 
architecture, service and support. The 4361 is 
an engineering/ scientific computer from head 
to toe. But hold our feet to the fire. Demand 
answers to all your questions. 
To receive brochures on the 4361 and 
E/S3, or to have an mM marketing __ _ _ 
representative call, return E-=-=~_'::: 
the coupon. =.=..:=~= 
i --- ------ ------- ----l 
IBM 11-85 
DRM 
Dept. LQ /710 
101 Paragon Drive 
Montvale, NJ 07645 
o PleaseSt'nd me information on the IBM 4361 supermini 
and EIS'. 
o Plea have an IB 1 marketing representative call. 
am~e ______________________ __ 
TIll ...... e ______________________ _ 
~mp~y-----------------------
Addr"""' _________ ___ I 
C~ ta~ ~p I 
Phone I L ____________________ ~ 
' Mullibu i •• Irad.mark or Intel CorporatlooJ"Unib"" i a trademark 01 Digital Equipm~nt U>rporation. 
Ci rc Ie Reader--Actio n.No-3.9 
FocuS on APplications 
PIMS ... 
The Programmable Implantable 
Medication System consists of an im-
plantable pump, which administers 
required medication to patients inter-
nally, and an external programmable 
unit that controls the action of the 
pump. Fordiabetics, PIMS will deliver 
insulin as required, freeing patients 
from routine injections. 
The microminiaturized hybrid cir-
cuitry for both the pump system and 
the programming unit is based on 
NASA technology. The system has 
passed all animal tests and, following 
FDA approval, will be available by the 
end of the current year. Additional 
applications for controlling pain and 
treating Parkinson's, Lou Gehrig's and 
12 
Applying aeronautic and space technology to Improve the quality 
of life on earth Is a NASA priority. The Terrestrial Applications 
Program of NASA's Technology Utilization Division is directly 
concerned with this task, as are the technology utilization 
officers at each NASA center. Here, we focus on applications 
involving implantable biomedical systems, highlighting those 
managed by Goddard Space flight Center, Greenbelt, Maryland. 
Alzheimer's diseases are under con-
sideration.ln addition to Goddard, the 
PIMS program drew on the resources 
of the Applied Physics Laboratory at 
Johns Hopkins University, Pacesetter 
Systems, Inc., and Parker-Hannifin. 
AID ... 
The Automatic Implantable Defibril-
lator restores normal heart rate by de-
livering an electrical shock to people 
who experience irregular heart rhythms 
-a potentially fatal condition known 
as arrhythmia. Essentially, AID is a 
sensing system coupled with ashock 
delivery system. Intec Systems of 
Pittsburgh, Pa., manufactures the 
AI D system, which has been implanted 
in some 700 patients to date. 
SAMS ... 
The Sensor Actuated Medication 
System is similar in concept to both 
PIMS and AID. It is designed to control 
hypertension by sensing the need for 
medication and administering it 
through an implantable pump device. 
SAMS is currently underdevelopment 
at the Applied Physics Laboratory at 
Johns Hopkins University in conjunc-
tion with Goddard Space Flight Center. 
For the complete 
story on Goddard, 
see page 18. 
z:r 
carbonyl iron powders 
"The Right Stuff" 
GAF is the sole domestic manufacturer of Carbonyl Iron Powders. 
For more detailed information, contact GAF Corporation, Chemical Division, 
1361 Alps Road, Wayne, NJ 07470, (201) 628-3000. 
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Fact is, the Xerox4'"/Diablo® C150 ink jet printer advantages are 
right before your very eyes. Like brilliant colors and shadings. 
The capacity to rotate text, create 3-D images, or zoom in or out 
for magnified, detailed graphics. There's even the versatility to 
work with more software than you'd ever i mag i ned possi ble. 
Of course this high performance business machine has 
the remarkable h ig h resol ution you've come to expect from 
Diablo. An operation that's as quiet as it is fast. 
But don't just take our word on the Xerox/Diablo C150 ink 
jet printer. Because seeing is truly believing. 
The Xerox/Diablo C150 ink jet printer is available through 
Zenith Data Systems under government contract. For more 
information call Zenith Data Systems at 1-800-582-0030 (in 
Virginia, call 703-821-0140) or Xerox at 415-498-7805. 
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Circ le Reader Act ion No. 310 
D uring periods of economic uncertainty, corporations tend to focus on the here 
and now rather than on long-range 
activities such as research and de-
velopment. R&D is a future-
oriented activity where new tech-
nologies are created or emerging 
technologies are applied. Typically, 
these activities are the first to suffer 
from budget reductions during 
economic hard times. A well-
developed technology transfer pro-
gram can substantially augment a 
corporation's R&D effort, thus 
stretching its R&D investment 
dollar by a considerable margin. 
Simply stated, technology 
transfer is the process of utilizing a 
technology for a purpose other than 
that for which it was developed. 
While technology transfer focuses 
on the application of previous 
research, there is no clear distinction 
between it and R&D-just as there 
is no clear separation between basic 
and applied research. Industrial 
technical development actually in-
volves aspects of each. 
What is the value of a technology 
transfer program? There are several 
benefits: 
• It can reduce the cost of a com-
pany's R&D effort. 
• It can help increase company 
productivity. 
• It provides a broader set of 
technological alternatives, and 
increases the probability of 
selecting the best technology 
for a given task. 
• It can effectively accelerate the 
application of a technology in 
new fields of use. 
• It can provide a broader 
technological base for company 
diversification. 
These benefits are usually 
sufficient reasons for companies to 
establish an internal technology 
transfer program. To be effective, 
14 
Technology Transfer 
and R&D 
By Leonard A. Ault, 
Deputy Director, 
Technology Utilization Division 
however, such a program needs to 
involve a good deal more than a few 
days' research in the company library 
to learn about a particular technol-
ogy or process. A well-developed 
transfer program, while not inexpen-
sive, can substantially increase the 
payback potential of the R&D effort 
in large and small companies alike. 
How can my firm organize for 
technology transfer? One approach 
"A well-developed 
technology transfer 
program can 
substantially 
increase the 
payback potential of 
the R&D effort." 
is the establishment of a company 
technology transfer team which 
would serve as a focal pOint for new 
technologies and new business 
opportunities. The team should be 
highly sensitive to the company's 
technological problems and needs, 
and acquainted with outside techni-
cal information resources. Systema-
tically searching or using such 
resources in a highly focused 
manner should payoff. In making 
matches, the team shou Id be con-
cerned with these questions: 
• What is the technology? 
• Has the technology been 
demonstrated or reduced to 
practice? 
• What are its unique 
characteristics? 
• Can it be protected by a patent, 
or can my company be licensed 
to use the technology? 
• What would be the cost of 
further development or 
commercial ization? 
• What are the cost/performance 
and performance/benefit trade-
offs? 
In addition, the team should seek 
out members of the company who 
can be characterized as " tech-
nological gatekeepers." Such in-
dividuals tend to keep up with 
developments in their chosen field 
and are usually very effective pOints 
of reference for others in the 
organization . They can be called 
upon to assist in evaluating the 
potential applicability of externally 
generated technologies to the 
company's needs. 
Whatever approach is taken in 
technology transfer, large organiza-
tions will find it a valuable adjunct 
to their R&D efforts, while smaller 
companies can use it as an alter-
native to R&D since access is easy 
once channels of communication 
have been established and large lab-
oratory facilities are not usually 
needed. The rewards from tech-
nology transfer can be great and 
should be considered by all com-
panies, both large and small, that 
are seeking methods of making 
their R&D more productive. D 
For more 
on enhancing 
productivity 
through 
effective 
management 
techniques, see 
"A Framework 
for Action," 
page 182 
this issue. 
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THE HEREAFTER NAmED SUBSIDIARIES OF 
UNITED STATES INTERNATIONAL TRADING CO., INC. 
760 N. US HIGHWAY 1. SUITE 101. N. PALm BEACH. FL 33408 
(305) 627-4510 
Propose to register with the 
Securities ond Exchonge Commission 
A Public Offering of 1>3.960.000 
on Form S-l 
of 6000 Jumbo Units @ $660 per unit 
Each Jumbo Unit consisting of 26 
$25 Subordinated Convertible 
Debentures and 1000 Shares of 
Common Stock @ $.001 par value. 
THE OFFERING WILL BE mADE ONLY BY mEANS OF PROSPECTUS 
ANTICIPATED TimE OF OFFERING 
NOVEmBER 15, 1985 
Circle Reader Action No. 397 
ZERO GRAVITY ENTERPRISES, INC. 
The purpose of the Offering is to capitalize the 
Company to conducr the business of developing 
commercial products based an existing and future 
technalogy derived fram space pragrams and 
to develop new technology under weightless 
environmenrs. 
Circle Reader Action No. 376 
OUTER SPACE 
LABORATORIES, INC. 
The purpose of the Offering is to capitalize the 
Company to conduct the business of developing 
products and services which can be used in gov-
ernmenral and privore space environments and to 
conrroct for privore. commercial experimenrorion 
reloted to space programs. 
Circle Reader Action No. 388 
SPACE SHUTILE 
CARGO CORPORATION 
The purpose of the Offering is to copitalize the 
Company to conducr me business of providing 
inrernational transporTorion systems and services 
related to aerospace research and developmenr 
acrivities with governmenral and private entities. 
Circle Reader Action No. 387 
SPACE METALLURGY, INC. 
The purpose afthe Offering Is to co.plto.lize the Com-
po.n!:! to conduct the business of commercio.lizing ex-
Isting meto.llurgiCo.l technolog!:! o.nd developing new 
meto.ls technolog!:! relo.ted to interno.tiono.l o.erospO-ce 
o.ctlvlties. 
Circle Reader Action No. 386 
SPACE GENETICS 
RESEARCH CORPORATION 
The purpose of the Offering is to capitalize the 
Company to conducr the bUSiness of experimenra-
tion and producrivity in the fields of human. animal 
and plant life reloring to bacteriological, geo-
biology, aging, gene splicing, disease conrrol, 
chemo-remedial chemisrry and waste conrrol. 
Circle Reader Action No. 366 
INTERSTELLAR COMMUNICATIONS 
CORPORATION 
The purpose of the Offering is to capitalize the 
Company to conducr the business of commercializ-
ing existing technology from past governmental 
space programs and to develop new technologies 
of inrernorional earth and space communicorions. 
5300,000,000,000.00 
$300 BILLION. 
That's the projected Gross National 
Product of U.S. business in space in 
just fifteen years, according to the 
Congressional Space Caucus. 
$300 billion . .. and ten million 
new jobs for space construction, 
manufacturing, materials, medical 
products, metallurgy, and 
communications. 
And that's where we come in. 
We're United States International 
Trading Co. ,Inc. and we're developing 
investment programs today, to fund 
research and development for the 
industries of tomorrow. 
We're taking stock in America. 
On its final frontier. 
We're the Business End of Space. 
Interstellar Communications Corporation 
We're United States International Trading Co., Inc. 
For more information, please call or write to James Miller, Chief Operations Officer, United States International 
Trading Co., Inc. 760 N. US Highway 1, Suite 101, N. Palm Beach, FL 33408 (305) 627-4510 
Circle Reader Action No. 409 

Goddard-
the legacy 
of a pioneer 
On March 17, 1926, Robert H. Goddard, 
professor of physics at Clark University 
in Worcester, Mass., wrote the following 
comment in his experimental notebook: 
"The first flight with a rocket using 
liquid propellants was made yesterday at 
Aunt Effie 'sfarm in Auburn. "Although 
Goddard wrote in a style which approaches 
that of the press release, he had no 
desire to publicize his historic accom-
plishment. With what has come to be 
regarded as classic New England reticence, 
Goddard carried out his pioneering 
rocket experiments in a manner verging 
on secrecy. Exactly 35 years later, 
however, the "moon rocket man" and 
his legacy of original research were 
accorded a highly public, if 
posthumous, tribute. 
Goddard Space Flight Center was officially dedicated on March 16, 1961 , " in commemoration of Dr. Robert H. Goddard, American pioneer in rocket research." The center, located on 
550 acres in Greenbelt, Maryland, was the first to be established under 
the aegis of NASA, which had been created by the National Aeronautics 
and Space Act of 1958. 
The launch of the Soviet satellite SPUTNIK I a year earlier had ushered 
in a new era in human history-the space age. At the same time, it 
sparked what's commonly referred to as the "space race." For the U.S., 
this meant a stepped-up commitment to space exploration, which was 
manifested by the creation of NASA. 
Prior to this, the development of launch vehicles and satellites for space 
exploration had been the province of the military services. Following 
WWII, American rocket research was given a boost by the example of 
the German V-2, and by one of its developers, Dr. Wernher von Braun, 
who joined researchers at the Army Ballistic Missile Agency (ABMA) in 
Huntsville, Ala. This group would later develop and launch the first U.S. 
satellite, EXPLORER I. 
The Vanguard project, which called fdr the deSign, development and 
launch of a U.S. scientific satellite during the International Geophysical 
Year (July 1, 1957-December 31 , 1958) was assigned to the Naval 
Research Laboratory. The Space Act, however, declared that " It is the 
policy of the United States that activities in space should be devoted to 
peaceful purposes for the benefit of all mankind," and created a civilian 
agency to pursue these aims. 
They Make Space Calls: Astronauts Dale A . Gardner (left) and Joseph P. 
Allen IV work together to retrieve the Westar VI communications satellite. 
The satellite had been launched into an improper orbit, and was returned to 
earth by the shuttle Discovery for refurbishment and eventual reuse. 
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With the advent of NASA, all military 
rocket and space-related programs not 
primarily associated with defense were 
transferred to the civilian agency. These 
included two Air Force lunar probe pro-
grams, three satellite and two more lunar 
probe programs at ABMA, a variety of 
rocket engine projects, and the Naval 
Research Laboratory's Project Vanguard. 
Key personnel from this last program 
would later form the nucleus of Goddard 
Space Flight Center. 
Other programs inherited by Goddard 
included the Army Signal Corps' meteor-
ological program and the military's 
space communications program. In 
addition, Goddard was charged with 
conducting an active space science pro-
gram, which included the launching of 
satellites. A global tracking, data ac-
quisition and data reduction operation 
for all of NASA's space missions was 
established at Goddard as well. 
The development of these original 
Goddard programs-scientific, 
meteorological and communications 
satellites, and tracking, data acquisition 
and reduction-set the pace for the 
rapid growth and expansion which 
occurred at Goddard throughout the 
1960s. 
Along with this expansion came a 
myriad of scientific and technological 
successes, many of them involving 
20 
satellites. Goddard engineers and 
technicians applied their expertise in all 
phases of satellite design and develop-
ment, fabrication , integration, testing , 
and launch services. Once a satellite 
had been launched, Goddard personnel 
would track the satellite, monitor com-
munications, and reduce the data it 
transmitted to Goddard's Space Opera-
tions Control Center. Satellites from the 
Explorer, Relay, Pioneer, Nimbus, Tiros, 
T elstar and Syncom families were 
among those managed by Goddard, and 
all of these contributed to laying a solid 
foundation upon which the network of 
scientific, meteorological and communi-
cation satellites most of us take for 
granted today could be built. 
The wealth of data collected and 
transmitted by Goddard-managed satel-
lites helped the American scientific com-
munity take great strides toward a fuller 
comprehension of the earth, its at-
mosphere, magnetic fields, radiation and 
other solar and cosmic phenomena. Yet, 
since scientific experiments have a way 
of posing as many questions as they 
answer, the data from early scientific 
missions-the orbiting solar, 
astronomical and geophysical observa-
tories, for example-pointed up the 
need for further exploration. NASA's 
commitment to the scientific exploration 
of space is well in evidence today at 
Goddard 
Goddard, where a number of scientific 
satell ites are being developed for launch 
during the current decade. 
Coming (and Going) Up 
The Cosmic Background Explorer 
(COBE) satellite will test the veracity of 
the "big bang" theory of the origin of the 
universe'. Scheduled for launch into a 
polar orbit in 1987, the 5-ton COBE will 
measure and map the diffuse micro-
wave and infrared radiation that is 
thought to be leftover from the primeval 
explosion-the big bang-and other for-
mative events in the early universe. 
Data from COBE will provide astronom-
ers with maps of the entire sky at a 
variety of microwave and infrared 
wavelengths. The maps are expected to 
furnish answers to such questions as 
how old is the universe? when did the 
first stars appear? is the universe expan-
ding uniformly? 
Goddard is functioning as the prime 
contractor for the COBE spacecraft. As 
such, Goddard scientists, engineers and 
technicians are designing, fabricating, in-
tegrating and testing the COSE space-
craft and its three instruments. Goddard 
personnel will continue to manage 
COBE after its launch from Vandenberg 
Air Force Sase in California. Goddard's 
all-around satellite capabilities are il-
lustrated by the fact that, once in orbit, 
COBE's data will be transmitted to God-
dard's data system facility through the 
Goddard-managed Tracking and Data 
Relay Satellite System (TDRSS). Finally, 
the processed data will be stored at the 
National Space Science Data Center at 
Goddard, where it will be available both 
as printouts and maps to cosmologists 
and to the public. 
On the House 
It is Goddard policy to have at least 
one in-house design and engineering 
project at all times. This way, the center 
assures that its technicians and 
engineers are conversant with the latest 
developments in technology. This policy 
also provides valuable learning experi-
ences for recent college graduates and 
those earning higher degrees. They're 
able to gain familiarity with center opera-
Prelude to Orbit: Physicists at Goddard Space 
Flight Center conduct prelaunch evaluations 
oj the laser geodynamic satellite. The satellite 
was designed and developed during the 70s to 
reflect laser pulsesJrom their exact point oj 
origin on earth. By timing the return oj the 
laser, scientists can gather data about the 
motion oJ the earth's crust, which can be used 
to develop models. Such models are used in 
predicting earthquakes. 
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In 1492, a Genoese navigator and an intrepid crew crossed uncharted waters in 
search of a west passage to India. In the process, they uncovered the vast resources of 
two continents. And they opened up a new base for exploration, progress, and the 
hopes of mankind. 
In 1992. coincident with the SOOth anniversary of Columbus's voyage, we plan to 
set sail for another New World. That year, or 
shortly thereafter, the United States and the world 
will begin benefiting from the first manned Space 
Station. The Station will be more than another 
giant step for mankind. It will be our stepping 
stone to living in new realms, and it will result 
in thousands of discoveries that will benefit earth. 
This New World, free from gravity and atmos-
pheric impurity, will provide that ideal environ~ 
ment for experimentation and production that 
is impossible on earth. Simultaneously we will 
_ have a permanent station for scanning the earth 
and the heavens - an unparalleled vantage point 
for predicting weather, aiding agriculture, and 
, _____ .:::....:.-.-. ____ ~_ .... understanding the universe. 
Of course, like Columbus, we cannot foresee all the benefits ahead. But we do 
know that we will have a new arena in which to conquer disease, transform the 
materials of earth, and generate precious energy. The resulting knowledge from 
countless discoveries will come down to earth for our well~being. 
But, unlike Columbus, our craft will be in constant contact with the Old World. 
Harris Aerospace, as a member of the Rockwell, Grununan and Sperry team, is re~ 
sponsible for the Space Station's communications and tracking system. We are 
totally committed to this great endeavor, and we bring to the challenge the capabili~ 
ties and experience necessary for success. 
Harris has had 27 years of successful involvement with the kind of space com~ 
munications and tracking required for the manned Space Station. Our space experi~ 
ence includes programs from Telstar to the Tracking and Data Relay Satellite as well 
as the manned programs of Apollo, Lunar Module, and Space Shuttle. We are also a 
leader in the architecture and design of large communication networks. 
Now Harris is ready for the Space Station. Over the next years and centuries, the 
scope of scientific, commercial and technological opportunities and breadth of results 
are sure to exceed our wildest expectations. 
For in 1992, we, too, will be very much like Columbus: carrying the sum of our 
knowledge into the unknown. And, like him, we, too, shall return with the bountiful 
gifts of a New World. 
HARRIS 

tions from a variety of perspectives, in-
cluding design and development. Goddard 
management believes it's essential for 
people who will eventually become project 
managers to be knowledgeable in all 
aspects of satellite production in order 
to make the most efficient use of the 
center's resources and available tech-
nology. At the same time, this policy en-
sures that center personnel will keep up 
with steadily changing technology. 
Goddard is one of the four NASA 
centers responsible for developing the 
first permanently orbiting Space Station 
in the early 1990s. Goddard's role 
focuses on the development of 
automated free-flying platforms, in-
struments and payloads which would be 
attached externally to the pressurized 
section of the Space Station, and the 
development of pressurized modules to 
be used for laboratory facilities. 
The TDRSS will increase communica-
tions and data link coverage of orbiting 
satellites through the use of satellites. 
One satellite already is in operation, and 
two others are scheduled to be launch-
ed in 1986. The three-satellite system 
will provide communications coverage 
for approximately 85 percent of each 
satellite's orbit. Prior to the development 
of the satellite relay system, which col-
lects communications and data from an 
orbiting sate II ite and relays them to 
Earth, a worldwide network of ground 
stations was used. With the ground sta-
tions, however, communications with a 
Big Bird: Goddard's 
Gamma Ray Observa-
tory (GRO) will gather 
data on high-energy elec-
tromagnetic radiation. 
Gamma ray bursts, 
quasars, pulsars and the 
sun are slated for study, 
as is the Crab Nebula, 
the supernova remnant 
found in our galaxy. 
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satellite could be maintained over only 
about 1 5 percent of each orbit. 
The Hubble Space Telescope, also 
due to be launched in 1986, is a ground-
sized observatory that will be placed in 
orbit in order to view the universe un-
obscured by the Earth's atmosphere. 
Once in orbit, it will become the principal 
tool for exploring the universe through 
this decade and the next, and possibly 
beyond. It will be operated from the 
Goddard Space Flight Center in support 
of astronomers working at the Goddard-
managed Space Telescope Science In-
stitute at Johns Hopkins University in 
nearby Baltimore. 
Goddard's Gamma Ray Observatory 
(GRO), a scientific satellite scheduled for 
launch aboard the shuttle in 1 988, is 
drawing on in-house engineering and 
technical expertise for the design and 
fabrication of one of its four instruments. 
The Naval Research Laboratory, West 
Germany's Max Planck Institute and 
NASA's Marshall Space Flight Center 
are providing the other three instru-
ments, and mission contractor TRW is 
responsible for spacecraft design, 
development and fabrication , and instru-
ment integration. 
GRO will weigh approximately 17 
tons and measure 70 feet between the 
tips of its two solar arrays. It will be the 
largest scientific satellite ever launched 
by Goddard. Its design is based on the 
multimission modular spacecraft (MMS) 
system, which was developed at God-
Goddard 
dard by Frank Cepollina. The MMS 
system, which includes logistiCS support 
modules for communications, power, 
data, and attitude control , along with a 
flight support system located in the rear 
of the shuttle's cargo bay, was designed 
to facilitate the on-orbit repair and/or 
replacement of defective satellite 
modules. MMS development represents 
a move toward spacecraft design stan-
dardization, which results in cost-
savings and life extension for satellite 
missions. Should one of a satellite's 
modules fail during its mission, the 
defective module can be replaced by 
crew servicing in the shuttle's cargo bay. 
The efficacy of the MMS system was 
demonstrated in April 1984, when 
astronauts George Nelson and James 
van Hoften retrieved, repaired and re-
deployed the Goddard-managed Solar 
Maximum Mission spacecraft. After 
completing nine months of its mission-
observing and documenting the sun's 
energy build-up and release-the Solar 
Max spacecraft lost its ability for preci-
sion pointing at the sun, due to a failure 
in its attitude control system module. 
Following the successful repair mission, 
which involved replacing the faulty 
module, Solar Max is back in business. 
Solar Max's faulty attitude control 
system module itself will be back in 
business as of October 1989, when the 
Upper Atmosphere Research Satellite 
(UARS) is launched from the space shut-
tle. After extensive study and analysis, 
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The C1200 redefines the way 
compute-inten ive tasks are accom-
plished in the engineering and 
cientific environment. By provid-
ing mainframe power under local 
control, the CUOO delivers the 
performance needed for application 
that previously required ofHoading 
to a remote sy tern: interactive solid 
modeling; de ign optimization 
without prototyping; simulation of 
mechanical behavior; analy i mod-
eling; tructural, thermal, magnetic, 
and fluid flow analy is; results eval-
uation; animation; two and three 
dimen ional image rendering. 
• Optimized native UNIX 4.2 BSD 
• Up to 24 MByte physical 
memory 
• 4 Gigabytes virtual memory 
• lndu try- tandard compilers, 
networking, and communications 
• High resolution color graphics 
• Upto32 u er 
Proce sing speed, advanced 
32-bit architecture, and high speed 
graphic interfaces enable the 
C1200 to be configured as a cost-
effective multi-u er or dedicated 
system. Complemented by such 
applications programs as PATRAN, 
ANSYS, MARC, MENTAT, DYNA, 
ADAMS, and UAIINASTRAN, 
the CUOO define a new standard of 
value and deliver the best 
price/performance available. 
Redefine Your Accomplishments. 
Call Celerity Computing Today. 
--=-
- -= -
- --
-=--CELERllY COMPUnNG 
Corporate Headquarters: 9692 Via Excelencia, San Diego, CA 92126 (619) 271-9940 
PATRA . A Y. MARC A 0 ME TAT, ADAM . and U IX are regltered trademark of POA E 'GI EERI 'G, WA SO A. AlY I YSTEM. I e.. 
MARC A AlY I RESEARCH CORPORATIO ,MECHA 'ICAlOY AMICS, I 'e., A '0 AT&T BEll lABORATORIES. r pecuvel), 
Ci rc le Reader Action No. 352 
Solar Max's attitude control system 
module was refurbished for use on 
UARS. This is yet another advantage of 
the MMS system: It introduces the con-
cept of "off the shelf' satellite systems, 
conSisting of parts which can be deployed, 
retrieved , repaired and reused with new, 
mission-unique instruments. 
The UARS spacecraft design makes 
additional use of the MMS concept. A 
spare power module from the currently 
orbiting Landsat satellite series will be 
used on UARS. Following the completion 
of its mission-determining the effects 
of natural and man-made causes on the 
upper atmosphere-UARS will be 
retrieved. Its MMS components then 
may be reused on another satellite, rep-
resenting considerable cost savings for 
NASA and the American taxpayers. 
Space Science at a Bargain 
The concept of reusing satellites even 
without retrieving them is the idea 
behind another unique Goddard mission, 
which resulted in the world's first 
spacecraft encounter with a comet last 
September. A group of engineers under 
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the direction of Goddard's Dr. Robert W. 
Farquhar devised a series of complex 
maneuvers whereby a satellite which 
had been in orbit for seven years would 
be re-routed to pass through the tail of 
the Comet Giacobini-Zinner, 44 million 
miles from Earth. Data from the historic 
encounter gave scientists new insights 
into the enigmatic nature of comets and 
indicated that comets are not at all the 
benign objects they were thought to be. 
Another innovative Goddard program 
gives curious earthlings the opportunity 
to test their theories about the space en-
vironment aboard the space shuttle. The 
Get Away SpeCial (GAS) program makes 
use of leftover space in the shuttle's 
cargo bay to allow for low-cost experi-
menting by individuals, small companies, 
educational institutions or research 
organizations which would otherwise be 
unable to afford the price of flying an ex-
periment on the shuttle. For a $10,000 
fee, experimenters can fly their 200-1b. 
payloads in the Goddard-developed five 
cubic-foot cylindrical canisters, which 
are then mounted in the shuttle's cargo 
bay (smaller canisters are available for 
Goddard 
smaller payloads and a lower fee). 
Originally, the payloads merely were 
exposed to the space environment in 
the shuttle's open cargo bay, but this 
year a new ejection device makes it 
possible for experimenters to have their 
payloads ejected into independent orbits . 
The program is very successful and, 
apparently, very popular. It's received 
some 400 reservations, while more than 20 
experiments have already flown. Another 
20 are ready to go, space permitting. 
The principles of economy, efficiency 
and Simplicity underly Goddard's Spar-
tan program as well. The Spartan is a 
space research subsatellite, which is 
deployed and retrieved on-orbit by the 
shuttle's remote manipulator system. 
Once in space, however, Spartan operates 
autonomously, via an onboard pro-
cessor which activates stores pointing, 
maneuvering and stabilizing commands. 
The Spartan collects data in support of 
high-energy astrophysics, ultraviolet 
astronomy and solar physiCS research . 
Three Spartan carriers have already 
been built and two more are in the off-
ing. The Spartan carriers , which are built 
in-house at Goddard, all incorporate the 
same basic design, which, like the MMS 
system, allows for the interchangeability of 
standard modules, while accommodating 
mission-unique systems as necessary. 
• • • 
Goddard is probably the most diver-
sified of the NASA research centers. 
This is not surprising, considering the 
sweeping breadth of the center's funda-
mental mission-to make possible the 
expansion of human knowledge of the 
earth, its environment, the solar system 
and the universe through the develop-
ment and use of near-earth orbit space-
craft. Volumes can, and indeed have, 
been written on the variety of scientific 
and technical approaches Goddard 
employs in pursuing its mission. Yet, if 
the man for whom the center is named 
left a legacy of some 214 patents, then 
it is to be expected that the work of 
those who pursue his vision would be 
prodigious. Lt. Homer Boushey of the 
Army Air Corps knew Robert Goddard. 
In making the following comment, he 
probably had little idea how true his 
words would ring in describing the man 
and his public monument: " He reminded 
me of the man who plants the seed of a 
tree, so that others might one day sit in 
its shade." At Goddard Space Flight 
Center, that tree is still growing. 0 
GAS Cans: Get A way Special (GAS) canisters 
are seen mounted at upper right and lower left 
of the space shuttle's cargo bay. 
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NASA News in Briel 
A model of the Industrial Space Facility, 
a pri vately financed commercial space 
platform. It will be launched from the 
shuttle In 1989. 
law Business . .. 
Space Industries, Inc. (SII) of Houston, 
Texas, has signed an agreement with 
NASA whereby the company will launch 
its privately-owned, commercial platform, 
the Industrial Space Facility (ISF), from 
the space shuttle in 1989. The ISF will be 
modular in concept and will measure 35 
feet by 14.5 feet initially. While it will not 
be permanently manned, it is designed to 
be habitable and will provide a "shirt 
sleeve" work environment for astronauts 
when docked with the shuttle or space 
station. 
Philip E. Culbertson, associate ad-
ministrator for NASA's Space Station Of-
fice, says, "NASA considers the ISF to be 
a complementary capability to the space 
station. There are characteristics of the 
ISF and space station that are similar. For 
these reasons, there may be some 
aspects of the two programs that are of 
mutual interest and use to both NASA 
andSII." 
To this end, NASA's Space Station Of-
fice and SII signed a separate agreement 
to provide for the beneficial exchange of 
information during the definition and 
preliminary design phase of the space 
station. The agreement also lays the 
groundwork for subsequent discussions 
and negotiations during the space station 
development period, scheduled to begin 
in mid-1987. SII is the first private com-
pany to sign such an agreement, and it 
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is hoped that the information exchange 
will result in a commercial facility capable 
of compatible operations with the space 
station. 
NASA Administrator James M. Beggs 
says, "We hope the ISF will be the first of 
many such platforms to be funded and 
built by private industry that will comple-
ment the permanently-manned space 
station and lead eventually to an industrial 
park in space." 
According to Max Faget, president of 
Space Industries, Inc., the ISF "will res-
pond to a variety of private research and 
manufacturing needs. Industry could take 
advantage of the unique gravity-free en-
vironment of space to conduct ex-
periments that cannot be effectively 
duplicated here on earth, particularly in 
the areas of pharmaceuticals and 
biological products, pure and exotic 
crystals, and new metals and alloys." 
• • • 
Another agreement between NASA 
and a private company provides for the 
supply of NASA technical expertise in the 
development of a commercial liquid-fuel 
upper stage for boosting shuttle-deployed 
satellites to geosynchronous orbit. Scott 
Science and Technology of Lancaster, 
California, is developing a privately-
financed satellite transfer vehicle, which 
will have the capacity to boost satellites 
ranging from 2000 to 19,000 pounds. 
Engineers at Johnson Space Center in 
Houston will monitor the stage's develo~ 
ment and will consult with Scott Science 
and Technology staff regarding technical 
problems. Former astronaut David R. 
Scott is president of the company, which 
has agreed to reimburse NASA for the 
use of any test facilities, and for salaries 
and travel expenses of Johnson Space 
Center personnel. 
BeHlnl Organized ... 
To stimulate high technology research 
and development that takes advantage of 
the characteristics of space, NASA has 
named five teams to establish Centers for 
the Commercial Development of Space. 
The five centers are jOint undertakings of 
government, industry and academic 
teams, and all share the goal of develo~ 
ing new products which either have com-
mercial potential or contribute to potential 
new commercial ventures. Battelle Col-
umbus Laboratories of Columbus, Ohio, 
will focus its development efforts on 
multlphase materials processing. The 
University of Alabama at Birmingham will 
be involved in macromolecular 
crystallography in space. The remaining 
three centers -Vanderbilt University, the 
Institute for Technology Development, 
Hancock, Mississippi, and the University 
of Alabama at Huntsville-will focus on 
metallurgical processing in space, remote 
sensing, and materials processing, 
respectively. All five centers will cooc-
dinate their efforts with NASA field 
centers. NASA will fund the centers for a 
period not to exceed five years. During 
this period, the centers are expected to 
stimulate commercial ventures which will 
allow them to become financially self-
sustaining. 
Space Educallon ... 
NASA is making plans to broadcast live 
lessons from space during teacher-in-
space Christa McAuliffe's shuttle flight, 
which is set for launch in late January. 
During the first lesson, "The Ultimate 
Field Trip," McAuliffe will take viewers on 
a tour of the shuttle. "Where We've Been, 
Where We're Going" will review tech-
nological advances resulting from the 
space program, and outline expectations 
for the future of space exploration. Other 
on-board activities, such as demonstra-
tions of Newton's laws in a microgravity 
environment, will be filmed as well, and 
these will be used in developing a series 
of educational products. 
In addition, three Student Involvement 
Project experiments will fly aboard the 
shuttle, and McAuliffe will assist mission 
specialists in conducting them. One ex-
periment will use a semi-permeable mem-
brane to direct crystal growth. Another will 
study chicken embryo development in the 
space environment, and the third will 
monitor the effects of weightlessness on 
grain formation and strength in metals. 
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TECHNOLOGY UTILIZATION OFFICERS 
Technology transfer experts can help you 
apply the innovations in NASA Tech Briefs . 
The Technology Utilization Officer 
at each NASA Field Center is an applica-
tions engineer who can help you make use 
of new technology developed at his center. 
He brings you NASA Tech Briefs and other 
special publications, sponsors confer-
ences, and arranges for expert assistance 
in solving technical problems. 
Technical assistance, 
in the form of further information about 
NASA innovations and technology, is one 
of the services available from the TUO. 
Together with NASA scientists and engin-
eers, he can often help you find and im-
plement NASA technology to meet your 
specific needs. 
COSMIC® 
Technical Support Packages (TSP's) 
are prepared by the centerTUO's. They pro-
vide further technical details for articles in 
NASA Tech Briefs. This additional material 
can help you evaluate and use NASA tech-
nology. You may receive most TSP's free of 
charge by using the TSP Request Card 
found at the back of this issue. 
Technical questions about articles 
in NASA Tech Briefs are answered in the 
TSP's. When no TSP is available, or you 
have further questions, contact the Tech -
nology Utilization Officer at the center that 
sponsored the research [see facing page for 
details}. 
An economical source of computer programs 
developed by NASA and other government agencies. 
A vast software library 
is maintained by COSMIC-the Computer 
Software Management and Information 
Center. COSMIC gives you access to ap-
proximately 1,600 computer programs 
developed for NASA and the Department of 
Defense and selected programs for other 
government agencies. Programs and docu-
mentation are available at reasonable cost. 
Available programs 
range from management (PERT scheduling) 
to information science (retrieval systems) 
and computer operations (hardware and 
software). Hundreds of engineering pro-
grams perform such tasks as structural 
analysis, electronic circuit design, chemical 
analysis, and the design of fluid systems. 
Others determine building energy requ ire-
ments and optimize mineral exploration. 
COSMIC services 
go beyond the collect ion and storage of 
software packages. Programs are checked 
for completeness; special announcements 
and an indexed software catalog are 
prepared; and programs are reproduced for 
distribution. Customers are helped to iden-
tify their software needs; and COSMIC 
follows up to determine the successes and 
problems and to provide updates and error 
corrections. In some cases, NASA engin-
eers can offer guidance to users in install-
ing or running a program. 
Information about programs 
described in NASA Tech Briefs articles can 
be obtained by circling the appropriate 
number on the TSP request card at the back 
of this issue. 
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serve multistate regions. 
special searches are also provided. (Like 
the lAC's, the STAC's normally charge a 
fee for their services.) 
NASA Tech Briefs, Winter 1985 
Many data bases, 
including the NASA base and several com-
mercial bases, are available for automatic 
data retrieval through the STAC's. Other 
services such as document retrieval and 
To obtain Information 
about the services offered, write or call the 
STAC In your state {see above]. 
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For years baroque music was 
composed without major change, 
until J.S. Bach put these 
instruments togetlier in a way 
that set liim apart. 
All the baroque compo ers were faced with the same 
restriction , the same note the sam in trument , and th 
same mu ical form. Yet today, we rememb r 1. . Bach above 
them all. imply becau he wa able to arrange core of 
mu ic in a way no one had ever een ... or heard before. 
At IBM Federal y tern Divi ion we know that it take 
th same degree of ingenuity to de ign and manag within 
the dimen ion of today' complex y tern program. It' a 
pecial ability to combine a broad range of technology -
and make it work tog th r in harmon . 
nd w 're doing exactly that for the. ational Aero-
nautic and pace dmini tration' pace huttle program. 
We've orche trated the operation of the mo tophi ti-
cated flying vehicle ever built with a team of on-board om-
puter . . nd we compo oftware that can be tuned for each 
mi ion to make pa -e a more available re ource. 
In every proje t we undertake we tart with a myriad of 
individual part ,a eparate a the note of a cale. And put 
them intoplay-together.Iti n'tea y. ==-= .= 
But the more comple the ta k. the = =-= == 
k h - -. ---more we manage to rna e it appen. .:....:...:..: ':' =-
----- , -
Federal y tern Divi ion 
Circ le Reader Action No. 365 
NASA INVENTIONS AVAILABLE FOR LICENSING 
Over 3,500 NASA inventions are available for licensing 
in the United States-both exclusive and nonexclusive. 
Nonexclusive licenses 
for commerical use of NASA inventions are 
encouraged to promote competition and to 
achieve the widest use of inventions. They 
must be used by a negotiated target date. 
exclusive licenses 
may be granted to encourage early com· 
mercial development of NASA inventions, 
especially when considerable private in· 
vestment is required. These are generally 
for 5 to 10 years and usually require 
royalties based on sales or use. 
Additional licenses available 
include those of NASA-owned foreign 
patents. In addition to inventions described 
in NASA Tech Briefs, " NASA Patent 
Abstract Bibliography" (PAB), containing 
abstracts of all NASA inventions, can be 
purchased from National Technical Infor-
mation Service, Springfield, VA 22161 . The 
PAB is updated semiannually. 
Patent licenses for Tech Briefs 
are frequently available. Many of the inven-
tions reported in NASA Tech Briefs are 
patented or are under consideration for a 
patent at the time they are published. The 
current patent status is described at the end 
of the article; otherwise, there is no state-
ment about patents. If you want to know 
more about the patent program or are in-
terested in licensing a particular invention, 
INDUSTRIAL APPLICATIONS CENTERS 
Computerized access to over 
10 million documents worldwide 
Computerized Information retrieval 
from one of the world 's largest banks of 
technical data is available from NASA's 
network of industrial Applications Centers 
(lAC's). The lAC's give you access to 
1,800,000 technical reports in the NASA 
data base and to more than 10 times that 
many reports and articles found in nearly 
200 other computerized data bases. 
The major sources Include: 
• 750,000 NASA Technical Reports 
• Selected Water Resources Abstracts 
• NASA Scientific and Technical 
Aerospace Reports 
• Air Pollution Technical Information 
Center 
• NASA International Aerospace 
Abstracts 
• Chem Abstracts Condensates 
• Engineering Index 
• Energy Research Abstracts 
• NASA Tech Briefs 
• Government Reports 
• Announcements 
and many other specialized files on food 
technology, textile technology, metallurgy, 
medicine, business, economics, social 
sciences, and physical science. 
The lAC services 
range from tailored literature searches 
through expert technical assistance: 
• Retrospective Searches: Published or un-
published literature is screened and 
documents are identified according to 
your interest profile. AIC engineers tailor 
results to your specific needs and furnish 
APPLICATION TEAMS 
Technology-matching and problem-solving 
assistance to public sector organizations 
Application engineering projects 
are conducted by NASA to help solve 
pUblic-sector problems in such areas as 
safety, health , transportation, and en-
vironmental protection. Some application 
teams specialize in biomedical disciplines; 
others, in engineering and scientif ic prob-
lems. Staffed by professionals from various 
disciplines, these teams work with other 
Federal agencies and health organizations 
to identify critical problems amenable to 
solution by the application of existing 
contact the Patent Counsel at the NASA 
Field Center that sponsored the research 
[see page 29J. Be sure to refer to the NASA 
reference number at the end of the Tech 
Brief. 
abstracts considered the most perti-
nent. Complete reports are available 
upon request. 
• Current-Awareness Searchs: lAC engi-
neers will help design a program to suit 
your needs. You will receive selected 
monthly or quarterly abstracts on new 
developments in your area of interest. 
• Technical Assistance: lAC engineers will 
help you evaluate the results of your 
literature searches. They can help find 
answers to your technical problems and 
put you in touch with scientists and engi-
neers at appropriate NASA Field Centers. 
Prospective clients can obtain more infor-
mation about these services by contacting 
the nearest IA C [see page 29J. User fees are 
charged for lAC information services. 
NASA technology. 
Public-sector organization 
representatives can learn more about ap-
plication teams by contacting a nearby 
NASA Field Center Technology Utilization 
Office (see page 29]. 
TECHNOLOGY UTILIZATION OFFICE, NASA SCIENTIFIC & TECHNICAL 
INFORMATION FACILITY Centralized technical office to provide service to the 
Missing a copy of NASA Tech Briefs? 
Not received Technical Support Package 
requested? Want to check on Tech Briefs 
status? Have urgent request for subscrip-
tion address change? Wish to receive other 
32 
U.S. professional community and general public 
Tech Brief in area of interest? Simply con-
fused as to whom to contact within the 
NASA Technology Utilization Network? 
Have general or specif ic question about 
the Technology Utilization Program, its 
services and documents? 
We are here to help you. Write or call. We 
have the right answer, the correct docu-
ment, or the proper referral [see page 29). 
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I'm a volunteer supporter of the Inter-
national Executive Service Corps, a 
not-for-profit organization with a vital 
mission: 
We build free enterprise worldwide 
by sending retired U.S. executives 
to help companies in developing 
countries. The executives receive 
expenses, but no salary. 
Our main purpose is to help devel-
oping countries succeed in business. 
But the benefit doesn't stop there. 
These countries consume about 
Andrew C. Sigler, 
Chairman and CEO, 
Champion International Corp. 
40 percent of U.S. exports. 
With the support of over 800 U.S. 
companies, we have completed 
9,000 projects in 77 countries. Our 
Board of Directors and Advisory 
Council include the CEOs of many 
of America's largest companies. 
Join me in building free enterprise 
throughout the free world . Write to: 
Andrew C. Sigler, Chairman and 
CEO, Champion International Corp. 
at PO. Box 10005, Stamford, CT 
06904-2005. 
International Executive 
Service Corps 
It's not just doing good. It's doing good business. 
lew Product 
Ideas 
New Product Ideas .... Juat 
• few of the m.ny Innovetlons 
described In this Issu. of NASA 
Tech Btl",. .nd h.vlng promising 
eommercl.1 .pplleatlons. lEech Is 
dlecuaaed further on the referenced 
peg. In the .pproprlat. section In 
this I .. u •. " you .... Interested In 
developing • product from th ... or 
oth.r NASA Innovation .. you e.n 
recelv. further technlc.1 Informetlon 
by requ.stlng the TSP referenced 
et the .nd of the ful ..... ngth .rtlel. 
or by writing to the NASA Scl.ntlflc 
.nd Technle.1 Informetlon Feclilly, 
Technology Utlllzetion OffIc., P.O. 
Box 8757, aWl Airport, MD 21240 
(see peg. 29). NASA's pet.nt-
lIe.nslng progr.m to .neoureg. 
eommercl.1 developm.nt Is 
d.ecrlbed on peg. 32. 
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Floating-Emitter Solar-Cell 
Transistor 
A proposed solar cell would be easy to 
fabricate and relatively breakage resis-
tant, while promising efficiencies greater 
than 20 percent against a 15-percent effi-
ciency for the best conventional solar 
cells. Gaining its increased efficiency 
through the incorporation of a junction 
transistor, the solar-cell transistor would 
be relatively immune to variations in the 
common-emitter current gain between 
devices. Even for a 2-to-1 spread in this 
gain, the open-circuit voltage will vary 
only about 20 mY. 
(See page 56 .) 
Front 
p+ Contact 
I 
Rear 
Contact 
p + Si Substrate 
p+ 
Wafer-Edge 
Groove 
Conductive Container for 
Semiconductor Devices 
A container for semiconductor compo-
nents not only protects them from me-
chanical damage but also ensures that 
they are not harmed by electrostatic dis-
charges. In addition, the container holds 
components in fixed positions so that 
they can be serialized and identified from 
their locations. The container is suitable 
for holding components during both stor-
ing and shipping. Because the container 
contains a plastic strip magnet, magnetic 
components will be held in place, even 
when the container is open. Originally de-
veloped for microwave diodes, the con-
tainer concept is readily adaptable to 
transistors and integrated circuits. 
(See page 54 .) 
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Low-Cost Humidity Sensor 
A simple, inexpensive, electronic hu-
midity sensor produces an output that is 
readily used by indicator or control cir-
cuits. The new sensor is a reSistor/capac-
itor oscillator in which a water-absorbent 
plastic film is the insulator in the capaci-
tive element. As the film absorbs more 
water with increasing atmospheric hu-
midity, its capacitance increases, reduc-
ing the oscillation frequency. Because 
frequency can be measured more readily 
than the weak currents produced as out-
puts in the older sensors, the new sensor 
offers improved accuracy and resolution. 
The sensor operates at a safe, low volt-
age - so low that a significant electroly-
sis of the absorbed water does not occur. 
(See page 55 .) 
'u QloUVdcl 
Phenoxy Resins 
Containing Pendant 
Ethynyl Groups 
After curing, phenoxy resins contain-
ing pendent ethynyl groups have use tem-
peratures and solvent resistances much 
greater than those of previous phenoxy 
and modified phenoxy resins . The 
ethynyl-containing phenoxy resins have 
an excellent shelf life in solution or in bulk. 
They also offer lower moisture absorption 
and better thermal stability over state-of-
the-art cross-linked phenoxy resins. De-
pending upon the cross-link density, the 
cured ethynyl-modified phenoxy resins 
are solvent resistant but still thermoform-
able and relatively tough. These modified 
resins show potential for use as adhe-
sives, composite matrices, solvent-
resistant coatings, membranes, insulators, 
and films. 
(See page 109.) 
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Cobalt Ions Improve the 
Strength of Epoxy Resins 
The flexural strength of tetraglycidyl-
methylenedianiline (TGMDA) epoxy 
resins is increased by 10 to 95 percent by 
the addition of cobalt ions in the form of 
tris(acetylacetonato)cobalt (III) complex. 
Any liquid or solid TGMDA resins are suit-
able for this technique. It is anticipated 
that this improved epoxy formulation will 
prove useful as a composite matrix resin, 
• ~ on advanced aircraft. 
_~ adhesive, or casting resin for applications 
... (See page 111 .) 
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Rotary Speed Sensor for 
Antilocking Brakes 
A rotary speed sensor, developed as 
part of an antilocking brake system for 
motorcycles, produces a negative pres-
sure approximately proportional to rota-
tional speed. This pressure is converted 
to a signal that prevents the brakes from 
locking. The sensor is a centrifugal air 
pump that is turned by a motorcycle 
wheel. Use of pump inlet pressure, rather 
than pump output pressure, as the 
braking-control signal eliminates the 
pressure pulsations caused by the pump 
vanes. Because the pressure signal is 
pulse free and directly proportional to ro-
tational speed, a fluidic differentiation, 
rather than a more expensive fluidic ac-
celerometer, is used to control the 
brakes. 
(See page 128 .) 
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Braille Reading Systems 
Two proposed electromechanical sys-
tems for making Braille characters could 
be produced relatively inexpensively. 
Similar in operating principle to dot-matrix 
printers, the two methods use electroni-
cally actuated pins to produce charac-
ters from information stored on magnetic 
tape. In the first method one or more pins 
would be scanned over a blank page and 
energized at intervals to emboss the text 
on paper, one or more dots at a time. In 
the second approach (shown in the fig-
ure) a hand-held device containing one or 
more character-generator cells would be 
used by the reader to scan the lines of 
text manually. In both cases the text 
would be read from the tape in a form that 
would directly produce the Braille char-
acters and would be fed into a RAM buf-
fer one or more pages at a time. 
(See page 135.) 
Locking Pull Pin 
A proposed self-locking pull pin cannot 
be accidentally released by shock or vi-
bration but can be intentionally released 
by a pull on a lanyard. The main pin can 
undergo the rotational motion necessary 
for its removal , only after a secondary pin 
has been disengaged; with the secondary 
pin in place, rotation of the main pin locks 
the secondary pin even more securely in 
its hole. A pull on the lanyard would first 
apply tension to a shorter end strand, pull-
ing the secondary pin out of its hole. The 
tension would then shift to the longer 
strand attached to the main pin. Without 
the secondary pin to restrain it, the main 
pin would rotate and withdraw from the 
hole. 
(See page 131 .) 
10TH PIH$INSEJltTEO IN "£CUTAClf 
Solid·State Detector for 
Trace Materials 
A detector that senses as few as 1012 
molecules of a given trace chemical on 
its surface could find applications in in-
dustrial process control and in environ-
mental analysis. Containing no moving 
parts, amenable to large-scale integra-
tion, and operating at room temperature, 
the detector is a thin-film, solid-state tun-
nel junction composed of layers of alumi-
num, aluminum oxide, and gold on a 
glazed ceramic substrate. When the 
trace chemical is adsorbed on the outer 
gold film and diffuses into it, the tunneling 
characteristics are altered, the nature of 
the alteration depending on the trace ma-
terial. After adsorbing (and detecting) a 
trace chemical , the device can be re-
stored to its initial state by heating or 
washing with an appropriate solvent. 
(See page 88 .) 
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Water·Thickness Gage 
4 
A gage for determining the depth of 
water buildup on aircraft is relatively simple 
to operate and yields a result indepen-
dent of the conductivity of the water. The 
gage can be used to evaluate the effects of 
water on lift and to detect water weight ex-
cess. The gage consists of two ac circuits, 
each of which measures the resistance 
between a pair of conducting platinum 
wires immersed in an insulating material. 
One pair of wires yields a resistance inde-
pendent of water thickness, and hence 
determines the resistivity of the water. 
With the second pai r, the resistance is 
proportional to the water thickness. The 
combination of the two outputs then gives 
the water thickness. 
(See page 127.) 
NASA Tech Briefs, Winter 1985 
Rocketdyne 
achieves another 
major milestone 
in Space Shuttle 
Main Engine 
durability. 
The Space Shuttle Main 
Engine, designed and 
built for NASA by the 
Rocketdyne Division of 
Rockwell International, has 
successfully completed the 
NASA Phase II ten flight certi-
fication tests with improved-
life high pressure fuel 
turbopumps. 
• Turbine temperature has 
been reduced by 1100 F. 
. • Turbine durability has been 
significantly improved to 
effectively reduce main-
tenance. 
• Both sets of turbine blades 
have operated the equiv-
alent of ten flights during full 
power level hot fire tests. 
Roc ketdyn e 
Rockwell 
International 
... where science gets down to business 
Aerospace I Electronics I Automotive 
General Industries I A·B Industrial Automat ion 
Circle Reader Action No. 380 
Lightweight Protective 
Garments 
Garments made of cotton fabric 
coated by a thin layer of polyacrylate rub-
ber would protect wearers from poison-
ous chemicals, bacteria, and radioactive 
particles. At the same time the garments 
would allow heat, moisture, and carbon 
dioxide to pass from the inside to the out-
side so that the wearers remain comfort-
able. While polyacrylate rubber transmits 
large-molecule chemical agents only at 
very low rates, additional protection from 
these agents could be achieved by vari-
ous reactive additives incorporated in the 
rubber. 
(See page 11 5 .) 
Adjustable-Angle Drill 
Block 
The adjustable block illustrated in the 
figure enables holes to be drilled at pre-
cise angles to the surface of a structure. 
The block can be used to " transfer" (drill 
at the same angle) nonperpendicular 
holes in mating contoured assemblies; 
for example. in aircraft frames. In general 
manufacturing it can be used to transfer 
mating installation holes to irregular and 
angular surfaces. 
(See page 154 .) 
I"se~ 140 Orlll -
Fiiot Spot Drilled From 
Rigged Assembly 
Special Clamping Device 
Required for Small Trapezoidal 
Inserts - Not Required on large 
Angular Surfaces 
Carbon/Carbon Pistons for 
Internal Combustion 
Engines 
A carbon/carbon piston for reciprocat-
ing internal combustion engines (see figure) 
has less weight than an aluminum piston 
but increases the mechanical and ther-
mal efficiencies of the engines. Maintain-
ing its strength at elevated temperatures, 
the carbon/carbon piston can operate at 
higher temperatures and pressures than 
a comparable metal piston. Moreover, 
the negligible thermal expansion under-
gone by the carbon/carbon materia l 
makes piston rings and skirts unneces-
sary, thus reducing friction . The high emit-
tance and low thermal conductivity of the 
carbon/carbon piston will improve the 
thermal efficiency of the engine, because 
less heat energy is lost to the piston and 
cooling system. Heat loss could be fur-
ther reduced and engine efficiency fur-
ther increased through the use of a carbon! 
carbon cylinder wall , which can be 
formed by a carbonfcarbon sleeve in-
stalled in a conventional cylinder block. 
(See page 156 .) 
Carbon/Carbon 
Material 
Piston 
Crown 
Wrist-Pin 
Boss 
Keyboard With Voice 
Output 
A proposed keyboard that actuates a 
voice synthesizer would give an operator 
verbal identification of a key before it is 
firmly pressed. The operator could then 
follow through with or abandon the selec-
tion. The verbal feedback is useful for 
blind operators or for operators working 
in dim light or busy observing other things 
while keying data into a control system. In 
situations where correct data entry is crit-
ical, the feedback gives the operator 
added confidence. The keyboard can be 
used as a training aid for touch typing. 
The concept can be adapted to such 
equipment as typewriters. computers, 
calculators, telephones, cash registers, 
and onfoff controls. 
(See page 54 .) 
CapaCitance 
Conductor 
Contacts ':::'::J:'4I 
Braille 
Raised Dots 
CAPACITIVE RELAY 
Titanium Heat-Pipe Wicks 
Sintered titanium offers several advan-
tages over sintered aluminum as a mate-
rial for heat-pipe wicks. Titanium is both 
light and strong. Because its thermal con-
ductivity is only one-seventh that of alumi-
num, it can be used when a high thermal 
resistance is needed to prevent boiling of 
the working fluid. Conditions yielding the 
best wicks have been determined. The 
heat flux, evaporator temperature drop, 
and life expectancy have been deter-
mined for all titanium heat pipe made with 
the best type of wick. The working fluids 
used were acetone, ammonia, water, and 
chlorofluoromethanes. 
(See page 141 .) 
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Integrating avionics systems 
into the next generation 
of tactical aircraft. 
---- Sensor Systems 
o Antenna/ Radome Design 
o Radar 
o IR/ EO 
DESM/ ECM 
"'---- Cockpit Design 
o Displays 
o Real-Time Software 
......... --- Hardware Integration 
o Inertial Navigation 
o Digital Computers 
o Armament Support 
Management 
o Microwave/ RF 
fur tomorrow's most advanced aircraft, what goes inside will 
be every bit as important as the airframe in which it rides. 
Lockheed-California Company is looking for individuals with 
the experience and imagination to put the pieces together. 
Lockheed's projects include Sensor Systems, Cockpit Design, 
and Hardware Integration , as well as the integration of all systems 
with software. Additional opportunities exist in Operations 
Research and Radar Cross Section Technology. 
If you have the experience, include Lockheed in your career 
plans. Please send your resume to Lockheed-California Company, 
Employment Office, Dept. 167-30, P.O. Box 551, Burbank, CA 
91520. Lockheed is an equal opportunity, affirmative action 
employer. U.S. citizenship is required. 
~lockheed-caJifomia Company rt 
Giving shape to imagination. 
SKU K WORKS and the skunk design are registered so" ice marks of 
the Lockheed Corporation. C 1985 Lockheed Corpora. ion 
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Pulse Coupling for Laser Excitation 
A small switch is joined to a large laser 
with minimum energy loss. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
A tapered transmission line couples en· 
ergy from a magnetic switch to an excimer 
laser. The transmission line provides a con-
stant impedance for pulses that come from 
the switch and distributes the pulses across 
the length of the laser as nearly uniform 
wave fronts. It also allows a smaller, more 
efficient magnetic core to be used in the 
switch. Losses and circuit capacitance are 
less than for a full-Iaser-width line and core. 
The tapered line (see figure) matches the 
disparate geometries of the core and the 
laser. At the same time, it reduces unwanted 
reflections and reversals of current and en-
ergy flux. 
The line is fed from a pulse-shaping net-
work composed of five sections, the dimen-
sions of which are determined by the re-
quired characteristic impedance, current 
density, and core size. As the core satu-
rates, it removes its impedance from be-
tween the laser and the pulse-shaping net-
work and thus enables the network to couple 
rapidly to the laser. 
The characteristic impedance of the ta-
pered line can be adjusted by including dis-
crete capaCitors spaced along the line. With 
an impedance mismatch thus created, the 
pulse waveform can be peaked by circuit 
ringing. The peak, superimposed on the 
main pulse, can be used to increase the pre-
ionization electron density and thereby re-
duce the magnitude of the main pulse re-
quired to excite the laser. Alternatively, the 
transmission line can be tapered nonuni-
formly to achieve the same effect. 
The cross-sectional area of the core is 
chosen to ensure saturation at the desired 
pulse magnitude: Saturation should occur at 
the peak of the main discharge pulse so that 
the entire main pulse is switched into the 
preionized laser. The magnetic path length 
of the core is chosen for efficient and fast 
coupling of the pulse into the laser and thus 
tends to determine the width of the section 
of the transmission line on which the core is 
mounted. For minimum reflection and loss, 
the line should generally match the imped-
ance of the pulse-shaping network. 
The size of the line should not result in too 
large a capacitance; this would cause an 
excessive amount of energy to be stored in 
the line and diminish overall efficiency. In-
creasing the taper angle reduces the ca-
pacitance, but too large a taper will produce 
an arced wave front in the pulse, and the 
pulse energy will not arrive simultaneously 
at all parts of the laser. 
The overall capacitance can be reduced 
by using parallel tapered lines from multiple 
switches and pulse-shaping networks, join-
ing in a single wide transmission line as they 
approach the laser. This alternative would 
require tuned pulse-shaping networks, 
matched magnetic switches, and precisely 
dimenSioned, tapered sections, but would 
further reduce energy requirements and in-
crease efficiency. 
This work was done by Thomas J. Pacala 
of Caltech for NASA's Jet Propulsion Lab-
oratory. For further information, Grcle 2 on 
the TSP Request Card. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad· 
dressed to the Patent Counsel, NASA Resi-
dent Office-JPL [see page 29]. Refer to 
NPO-16403. 
Conductive Tapered Strips carry pulses of energy from a switch and pulse-shaping net-
work to a laser. The taper in the transmission line formed by the strips couples the pulse 
energy through the small magnetic core to the large laser. The discrete capaCitors are op-
tional components for creating peaks on the pulses. 
NASA Tech Briefs, Winter 1985 
We put your name on the most powerful, 
expandable, versatile, compatible, per-
sonal computer ever from Texas 
Instruments. The Business-Pro ™ 
computer. 
Compatibility means options. 
Business-Pro's abiliry to best the efforts of 
any other advanced PC begins with being 
able to run the most popular business 
software. That includes the software that 
runs on the IBM Personal Computer 
A TTM. And over 1, 100 T1 PC business 
programs. Giving you the widest selection 
of software to best solve your specific 
business problems. 
Tomorrow is the best reason to 
get Business--Pl'o today. 
Expandability is a prime asset of Business-
Pro. In fact, Michael ). Miller says in 
Popular Computing, "Irs flexibiliry and 
expandabiliry make it superior to the 
AT."· So, if you need the power ro 
match the growth of your business, 
Business-Pro starts with 512 kilobytes of 
memory standard. And it expands to an 
extraordinary 15 megabytes of memory 
with 144 megabytes of data file storage! 
So, for the price of a personal computer, 
you also get a system that performs and 
configures like a larger mini-computer 
system. Because one Business-Pro com-
puter has the power to drive up to 50 
other PCS in a local area network acting 
as a network server with full access and 
communications to mainframes, mini-
computers and other PCS. 
Further, no matter where your business 
goes, no matter how much it grows, you 
get TI service nationwide and the support 
of industry-specific value-added resellers 
(VARs) with the right software solutions 
for your business. 
If your business needs an advanced per-
sonal computer with the power and 
capabilities to grow into the future, get 
the one with your name on it. The 
Business-Pro from Texas Instruments. For 
Government sales and GSA information 
please call 1-800-527-3500, ext. 602. 
A few of the areas served by T1 industry-
specific VARs: Business Accounting, Health 
Services, Retail Trade, ConstrUCtion, 
Manufacturing, Auto Dealers, Educational 
Services, and Engineering. 
© 1985 n 
TEXAS'" 
INsrRuMENTS 
Creating useful products 
and services for you. 
BU5lOCSl-Pro IS a mdemark of Texas Instruments Incorporated IBM PtBOnal Computer AT is a trademark of International BUSiness Machines Corporanon. 
'''TI BUSiness-Pro" by MIchael J. MIller; pag .. 79.$4. September 1985. Popsdar Compur"'l!. 
Circle Reader Action No. 393 
Generating Independent Preionizing Pulses for Lasers 
A saturable-core reactor also serves 
as a pulse transformer. 
NASA 's Jet Propulsion Laboratory, Pasadena, California 
Another way to preionize the tapered-
line-pulsed laser described in the preceding 
article offers somewhat higher efficiency 
and better controllability. The new approach 
provides greater independence between 
the shape and magnitude of the preionizing 
pulse and those of the main pulse. It also 
provides a more sharply rising preionizing 
pulse. 
A simple pulse-coupling winding is at-
tached to the core of the magnetic switch 
that energizes the laser (see figure). Under 
the control of a synchronizing circuit, a 
pulse is first applied to the pulse-coupling 
winding and the magnetic switch core. In its 
unsaturated state, the core acts as an effi-
cient pulse transformer, sending the pulse 
as a preionizing peak to the laser. The syn-
chronizing circuit then turns on a second, 
much larger pulse to the magnetic switch 
proper, which sends a larger firing pulse to 
the laser. 
The pulse-coupling winding is simple, 
light in weight, low in bulk and power con-
sumption, and inexpensive. It allows the pre-
ionizing pulse to be shaped independently 
for maximum efficiency and effectiveness 
and allows the main firing pulse to be given 
A Simple Pulse-Coupling Winding on a saturable reactor core lets the core act as a pulse 
transformer, passing a preionizing pu lse from the winding to the tapered transmission 
line, then to the laser. The laser is thus prepared for an independent f iring pulse, wh ich fol-
lows the preionizing pu lse. 
the best shape for its function. 
This work was done by Thomas J. Pacala 
of Caltech for NASA's Jet Propulsion lab-
oratory_ For further information, Orcle 1 on 
the TSP Request Card. 
Magnetically-Switched, Long-Pulse XeCI Laser 
Output radiation is narrow in frequency and spatial extent. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
Careful shaping of input pulses helps an 
XeCl excimer laser to produce a low-
divergence, narrow-band light beam. A 
long (rv100 ns) input pulse enables the radi-
ation to pass a large number of times 
through the laser-cavity Fabry-Perot reso-
nators, thereby improving the control of 
wavelength, bandwidth, polarization, and 
transverse modes. Another advantage of 
the increase in pulse length (from the previ-
ous value of 10 to 30 ns for an excimer 
laser) is that timing becomes less critical. 
As shown schematically in the figure, 
the laser system includes a high-voltage 
power supply and a pulse-forming net-
work. Before the main power pulse is ap-
plied, the laser is preionized by two rows of 
42 
30 resistively ballasted ultraviolet arcs, one 
row on each side. While the main pulse is 
being formed, it is withheld from the laser 
discharge tube by a saturable-inductor 
switch mounted on a tapered transmission 
line. The inductor saturates at the peak of 
the pulse, thereby allowing the pulse to 
pass along the transmission line to the dis-
charge tube. The operation of the switch 
and transmission line is discussed more 
fully in the two preceding articles; "Pulse 
Coupling for Laser Excitation" (NPO-
16403) and "Generating Independent Pre-
ionizing Pulses for Lasers" (NPO-16402). 
The 8O-nF, O.6-Q pulse-forming network 
is charged to 16 kV in 150 ns from an 8O-nF 
storage capacitor using a grounded-grid 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA Resi-
dent Office-JPL [see page 29]. Refer to 
NPO-16402. 
thyratron. The voltage rise time of the net-
work is 10 ns. The rise time is e'xtended by 
the delay in saturation between the inner 
and outer laminations of the magnetic 
switch and by the residual switch induc-
tance during saturation. The total voltage 
rise time at the laser is 20 ns. 
The laser discharge is 42 cm long, 0.7 cm 
wide, and 0.9 cm high. The gas mixture is 
typically 1 percent Xe, 0.1 percent HCI, 
0.025 percent H2, and the balance Ne at 3 atm (3 X 105 N/m2) absolute pressure. The gas 
is circulated across the space between the 
electrodes at rv5 mIs, a speed sufficient for 
a pulse-repetition rate of 250 Hz. 
The Fabry-Perot etalons are adjusted to 
select the oscillation frequency and to pro-
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Research and development • Flight simulation and training • Weapon guidance and control 
When your projects call for real-time 
data acquisition and process control ... Call on KSC 
For more than a decade, Kinetic- struments testing are only a sampling 
Systems Corporation has been supply- of the areas where these CAMAC 
ing the aerospace and defense industries systems are proving their worth. 
with real-time data acquisition and 
control systems ... powerful, flexible, CAMAC offers you modular flexibility, 
reliable systems based on the inter- limitless expansion, a high-speed data 
national CAMAC standard (IEEE-583) highway, and distributed intelligence 
for Computer Automated Measurement capabilities. KSC offers you a choice 
And Control. Weapons development, of powerful LSI-11, PDP-11, or VAX-
spacecraft testing, radar control, sub- 11 computer systems, easy-to-use 
marine technology, laser/particle beam software packages, and the widest 
research, flight simulation, jet propul- range of process interface modules 
sion, underground test project, R&D, available to match your many real-
quality control, and navigational in- time demands. 
Contact Us For More Information 
Your data acquisition and control 
system is easily designed and imple-
mented using PC/DBSTM, our Process 
Control/Data Base System software 
package. PC/DBS is the first compre-
hensive software tool for process auto-
mation with CAMAC ... and you don't 
have to be a programmer to use it! 
Ask about our aerospace and defense 
automation capabilities - from our total 
systems and supporti ng software to our 
customized configurations and training 
classes. See for yourself what KSC and 
CAMAC can do for you. Call us today! 
KineticSysterns Corporation 
Standardized Data Acquisition and Control Systems 
U.S_A. 
11 Maryknoll Drive 
Lockport, Illinois 60441 
Phone: (815) 838 0005 
TWX: 9106382831 
West Coast Office : 
(415) 797 2351 TWX: 9109970544 
Northeast Regional Office: 
(609) 921 2088 Telex : 833040 
Southeast Regional Office: 
(305) 425 9793 Telex : 441781 
Europe (Service) 
3 Chemin de Tavernay 
1218 Geneva, Switzerland 
Phone: (022) 9844 45 
Telex: 289622 
Circle Reader Action No. 316 
Europe (Markering) 
Gewerbestrasse 13 
CH-4528 Zuchwil, Switzerland 
Phone: (065) 25 29 25 
Telex: 845/934648 
vide a single, high-contrast interference-
fringe pattern. The pulse duration and cavi-
ty length permit about 15 double passes 
(round trips) of the light beam through the 
laser cavity, resulting in a bandwidth of no 
more than 7 X 10-4A,asmeasuredbythe 
width and separation of the fringes. The 
output pulse duration at this line width is 
about 60 ns and the pulse energy between 
5 and 10 I-IJ. The measured beam diver-
gence is 0.2 mrad, which is at the diffrac-
tion limit. 
This work was done by Thomas J. 
Pacala, lain Stuart McDermid, and James 
B. Laudenslager of Caltech for NASA's 
Jet Propulsion Laboratory. For further in-
formation, Circle 41 on the TSP Request 
Card. 
NPO-16410 
High-Voltage 
Pulsed 
Power 
Supply 
98-Percent Reflector 
1-mm Solid Elalon 
O.1-mm Air-Spaced Elalon 
1-mm Aperture -
XeCI 
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Discharge 
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The Long·Pulse Laser achieves a narrow-band output by multiple passes of the beam 
through precisely adjusted Fabry-Perot etalons. The pulse-forming network and 
saturable-inductor switch enable a fast ("'20 ns) pulse rise to the peak voltage, followed 
by a long ("'100 ns) residence at the peak. 
Obtaining One-Degree Accuracy With Shaft Encoders 
This circuit provides one pulse 
for each degree of rotation . 
Langley Research Center, Hampton, Virginia 
The circuit shown in the block diagram 
converts the output of a 1-pulse-per-
revolution shaft encoder to a precise 
360-pulses-per-revolution output. The cir-
cuit thus allows the shaft angular position 
to be measured with 1-degree accuracy. 
With simple modifications, the circuit can 
provide higher or lower resolution from 
single- or multiple-pulse-per-revolution 
sources. 
Many existing shaft encoders have in-
sufficient resolution for modern instrumen-
tatm and data-di~y systems. For exaJ11)le, 
some rotor-blade shaft encoders provide 
an angular resolution of only 5 degrees, 
whereas the associated laser-velocimeter 
data system requires O.5-degree resolu-
tion. In electronic intelligence (ELI NT) sys-
tems, the availability of only 1 pulse per rev-
olution of the emitter antenna is common. 
The circuit described here is used to syn-
chronize an aircraft beacon transponder-
based plan-position indicator (PPI) display 
to a remote host interrogator search 
antenna. 
The circuit is divided into five major sec-
tions : A stable reference-frequency 
source, a modulus divider, a period counter 
and latch, a programable divider, and auxil-
iary control logic. The stable reference fre-
quency source is a 2.0-MHz quartz-crystal 
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-
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This Shaft· Encoder Circuit provides one output pulse for each degree of revolution . The 
circuit can be constructed using standard, commercially available components. 
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oscillator. The reference frequency is di-
vided by the modulus divider. The divider 
reduces the reference frequency by the 
number of desired output pulses per input 
pulse. 
The output from the modulus divider is 
fed to the period counter and latch. The 
period counter merely counts the number 
of pulses between two input trigger pulses. 
This number is latched, and the counter is 
reset. The latch is refreshed by alternating 
input pulses. The latched number is con-
nected with a parallel bus to the program-
able divider, which divides the reference 
frequency by the number stored in the 
latch. The programable divider is reset by 
each input trigger pulse to synchronize the 
output pulse train to the trigger. 
Two systems have been constructed. 
The first is an antenna scan generator for a 
bistatic IFF ELiNT display system, provid-
ing degree markers from a once-per-
revolution trigger. The second is a 
O.5-degree marker generator, coupled to a 
5-degree rotorhead encoder, for a laser ve-
locimeter system. This system also 
includes a pulse counter to convert the 
programable divider output pulses to a nu-
merical value suitable for use by a com-
puter. For low-frequency sources, this cir-
cuit has been demonstrated to be superior 
to a phase-locked-loop frequency 
multiplier. 
This work was done by John M. Franke, 
James I. Qemmons, Jr., and Stephen B. 
Jones of Langley Research Center. For 
further information, Orcle 58 on the TSP 
Request Card. 
LAR-13321 
Microwave Power Combiner With Switching Diodes 
Signal sources are switched in 
together or separately. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
In a multiple·port microwave power 
combiner, each of the outputs of two or 
more power amplifiers of the same fre-
quency and phase can be passed to a 
common output port separately or to-
gether. Each amplifier is connected to the 
combiner through a switch consisting of 
resonant structures, radio-frequency 
chokes, and a diode. The switchE\s not only 
permit flexibility in the selection of amplifi-
ers but also isolate the unused amplifiers 
from the network, all while operating at a 
relatively low power loss. 
The operation of the switches and com-
biner is illustrated schematically in the fig-
ure, neglecting parasitic capacitances and 
inductances. In the switch, the open-
circuited quarter-wavelength section of 
transmission line presents to the diode a 
radio-frequency (RF) short circuit to 
ground. This section also presents an open 
circuit for direct current, permitting the dc 
diode-switching bias to be injected. 
The half-wave section reflects the diode 
impedance to the input/output line. When 
the diode is reverse biased, it presents a 
high RF impedance across the input/out-
put line, thereby allowing the input signal to 
pass undisturbed along this line to the out-
put. When the diode is forward biased, it 
presents a low RF impedance, which 
causes the input power to be reflected 
back to the amplifier. Thus, the switch is on 
when the diode is reverse biased and off 
when the diode is forward biased. 
In the combiner, each switch is con-
nected to the combining junction through a 
quarter-wave section. When a switch is off, 
the short circuit is transformed by the 
quarter-wave section to an open circuit at 
the combining-junction end. Thus, when a 
switch is off, it presents a high impedance 
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A Switching RF·Power Combiner with no moving parts is assembled from diodes, RF 
chokes (RFC's), and sections of transmission line. The combiner works at only one fre-
quency because it depends on the impedance-transforming properties of quarter- and 
half-wave lengths of transmission line. 
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What we give you 
is just as important as 
what we take away. 
Whether your requirement is a world-class 
10 or a class 100,000 facility, the Engin-
eering Division of Clean Room Products 
can effectively remove contaminants from 
your environment. That's important! But 
j ust as important as 
what we take 
what we give. 
We Give You Experi-
ence and Expertise. 
Wit h over 1,000 
clean room in-
stallations and 
thousands of 
work station 
in industries 
like microelectronics, robotics, lasers, 
fiber optics, computer memories, and 
pharmaceuticals, CRP is uniquely quali-
fied to research your requirements and 
provide the clean room solution that's 
r ight for you. From consultation through 
design and installation. 
We Give You Flexibility. 
Industry process requirements, space 
restrictions, environmental conditions, 
and budgets vary greatly. CRP engineers 
have accommodated these needs with a 
cost- e ffective , 
p hased system 
approach. It's Ilex-
ib le enough to 
handle any of your 
clean room needs, 
while meeting or 
exceeding govern-
ment standards. 
In Phase [, eRP 
engineers come to 
your site, work 
with the individ-
uals involved with 
: I! 
H--------,rG 
=-
the production of your product, and care· 
fu lly analy-.te your product and ovel'-
all program. After achieving a working 
knowledge of your pl'oce s and operation, 
we formulate a conceptual approach with 
de ign parameters that can be used for a 
new or upgraded facility. 
Basic specifi-
cations and 
working draw-
~\ I~ 
ings are de-
veloped in 
Phase II, and 
project objec-
tives are clar-
ified. The in-
formation de-
veloped at this 
point is specific 
enough to be used 
for contractor bidding or 
struction. 
LJ 
in-house con-
Phase III has a particular appeal to organ-
izations that prefer to use their own per-
sonnel for actual con truction. To assist 
your personnel and lor contractors, CRP 
engineers v.ill provide on-site consulta-
tionl upelvision during construction, facility 
strutup, and final certification to petionnance 
specifications. 
[n the final phase, CRP engineers assume 
We Give You the Complete 
Clean Room Source. 
The result of 25 years of R&D, our product 
line has set industry standards for quality 
and innovation. It's the most compre-
hensive selection of contamination con· 
trol supplies available from anyone 
source. Choose from over 100 products, 
including a full line of laminar flow 
units, clean room equipment, garments, 
and supplies. Many of them made in 
one of our own class 10/ 100 clean 
rooms. Combine that with extensive 
clean room engineering 
programs, and you have a 
single source with total 
compatibility. /.A~1'lY"  
We'll Give You a Head 
Start to High Productiv-
ity - Free! 
To give you a better idea 
of what to look for when 
designing and construct-
ing a clean room facil· 
ity, we've prepared the 
CRP Clean Room Pro-
ductivity Kit. To order 
your free copy, 01' for 
more information on eRP's complete line 
of products and services, call us at 
516-968-8282, 01' mail the coupon below. 
responsibility for 
designing and 
constructing a 
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Circle Reader Action No. 322 
to the other switches and consequently 
does not load down any other amplifier that 
is feeding power to the combiner. 
To match the impedances of the ampli-
fiers and switches, the output-line imped-
ance at the summing junction would have 
to be inversely proportional to the number 
of inputs that are switched on. Therefore, it 
is desirable to include some kind of imped-
ance transformer at the output. Since the 
impedance changes with the state of the 
switches, an engineering compromise has 
to be made in the design of the trans-
former: For example, it may be necessary 
to select a transformation to an average or 
most frequently encountered output 
impedance. 
Diodes for the switches must be se-
lected to withstand the worst combination 
of operating faults. The peak-to-peak volt-
age that a reverse-biased diode may have 
to withstand could be several times the 
normal value obtained when all imped-
ances are matched and all phase relation-
ships are correct. For example, if the out-
put is shorted, the voltages at all the diodes 
Cassegrain-Antenna Gain Improvement 
A feed with dual-shaped subreflectors economically 
increases antenna efficiency. 
NASA 's Jet Propulsion Laboratory, Pasadena, California 
are doubled. If an input is 180° out of 
phase, the voltage is multiplied several 
times at the affected diode. The diodes 
must also be able to withstand the forward-
bias and worst-case-fault current and 
power. 
This work was done by Bruce L. Conroy, 
Richard B. Postal, and James F. Bareham 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
48 on the TSP Request Card. 
NPO-15775 
Spherical Wave Fronts 
Sec4 (rt/2) Power 
(or Low-Spillover Pattern) 
The efficiency of many existing large 
ground-based reflector antennas could be 
improved by 10 to 20 percent if their present 
feeds are replaced with new ones. The new 
feeds would each have two appropriately-
shaped reflecting elements (see figure). 
Such an offset dual-shaped subreflector 
(DSS) feed would bring the gain of existing 
paraboloid or Cassegrain antennas up to 
that of reflector antennas of more recent 
design at a cost considerably lower than 
that for reshaping the existing reflecting 
surfaces. 
Power 
cosp (6) 
Feed 
"1------';---,.-;.1: -::} To Equivalent 
'" Focus of Paraboloid 
- _ ..II:' Paraboloid 
----- .... 
Mathematical procedures have been 
developed for synthesizing nearly optimum 
shapes for the DSS elements of the new 
feeds. The synthesis is based on an exten-
sion of an approximate geometrical optiCS 
formulation developed previously for an 
offset dual-shaped high-gain antenna. In 
that antenna design, the power to be radia-
ted was reflected first from a sub reflector 
and then from a large reflector that pro-
duced a uniform phase and amplitude dis-
tribution. In the present DSS feeds, the first 
and second reflections are from offset sub-
reflectors. The second reflection produces 
a spherical wave that feeds either the hy-
perboloidal element of a Cassegrain anten-
na or the main paraboloidal reflector. 
The power distribution of the wave feed-
ing the main reflector is designed to have a 
sec4 angular dependence and, if desired, 
an appropriate low spillover taper. This an-
gular dependence cannot be produced by 
conic-section (spherical , paraboloidal, or 
hyperboloidal) reflecting surfaces unless a 
special relatively narrow-band feed is used 
(e.g., a Potter horn). 
The synthesis problem is to find shapes 
for the sub reflectors that satisfy the afore-
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Sec4 (1)12) 
(or Low-Spillover) 
Power 
,... MOOlfied Antenna Feed with dual-shaped subreflectors can yield a 10-to-20-percent Im-
provement in the efficiency of existing large-aperture paraboloidal or Cassegrainian 
antennas. 
mentioned phase and power-distribution 
constraints. By differentiation of the path-
length equation, the phase constraint can 
be expressed as a differential. The power-
distribution constraint is expressed as an 
integral that relates the feed-pattern and 
objective (sec4) pattern. Since there are to 
be two sub reflector elements and only one 
such element is required to satisfy the 
phase constraint, some freedom remains 
in selecting the shape of the other element 
to obtain the required power distribution. 
The key to finding approximate solutions 
that satisfy both constraints is an ad hoc 
assumption about the angular depen-
dence of certain transformation functions 
appearing in the problem. The justification 
for the assumption is that when the feed 
pattern and the final scattered pattern 
have circular symmetric dependence, the 
assumption very often leads to practical 
solutions. 
Application of the assumption leads to a 
simultaneous pair of nontotal partial differ-
entials that can be integrated along any 
path as a pair of simultaneous ordinary dif-
ferential equations of first order. These 
yield a series of contours for the first subre-
flector. From these, a corresponding set of 
contours for the second subreflector is 0b-
tained by applying the phase constraint. 
The resulting DSS surfaces satiSfy the 
phase constraint exactly and satisfy the 
power-distribution constraint to a close 
approximation. 
This work was done by Victor Galindo 
and Alan G. Cha of Caltech and Raj Mittra 
of the University of Illinois for NASA's Jet 
Propulsion Laboratory. For further infor-
mation, Circle 22 on the TSP Request Card. 
NPO-16327 
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Multiple-Winding Output Inductors for Power Converters 
A numerical procedure determines 
the optimum core dimensions. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
Power converters with multiple outputs 
having separate inductors for each output 
will have poor load regulation in a closed· 
loop system. This is because of the rectifier 
drops, copper losses, and transformer 
leakage inductance. 
The closed-loop regulation of a power 
converter is improved from between 5 and 
10 percent for individual inductors to be-
tween 1 and 2 percent if the inductors are 
wound on a common core. The total mass 
and volume is reduced about 35 percent 
for the same copper loss. 
A design procedure has been devel-
oped for dc-to-dc power converters with 
multiple outputs having inductors wound 
on a common core (see figure). With a 
common core, the minimum load current 
consistent with good output regulation is 
lower, the output regulation is improved, 
and the total inductor size and weight is re-
duced. Details of the procedure may be 
obtained by requesting the Technical Sup-
port Package referenced at the end of this 
article. The inductor design procedure in-
cludes all that is necessary to select the 
proper magnetic core and size of the mag-
Duty·Cycle 
Control 
• 
NL1 }V01 V1 
• 
NL2 
}VO' V2 
Eln 
Many Output Windings (N1, N2• etc.) on a common core are less subject to voltage surges 
than they would be if they were wound on separate cores. 
net wire for a given copper loss. 
This work was done by Colonel W T 
McLyman of Caltech for NASA's Jet Pro· 
pulsion Laboratory. For further informa-
tion, Qrcle 9 on the TSP Request Card. 
NPO-16176 
Improved Waveguide Laser Array 
A new structure generates an 
intense, narrow beam. 
NASA 's Jet Propulsion Laboratory, Pasadena, California 
An improved structure for an integrated 
array of AlxGa1.xAs diode lasers causes the 
array to oscillate predominantly in the fun· 
damental supermode (with all units at the 
same phase), thereby producing an in-
tense, narrow light beam. The new struc-
ture differs from the older ones in that the 
gain in the spaces between the laser chan-
nels is approximately equal to the gain in 
the channels. 
In the new structure, the laserlwave-
guide channels are distinguished from the 
interchannel spaces in refractive index but 
not in gain. The refractive index of each 
channel is slightly higher than the index of 
the surrounding structure. This partially 
confines the light to the channels. In earlier 
versions, the spaces between the chan-
NASA Tech Briefs, Winter 1985 
p-AIO.1Gao.gAs 
P-AIO.35Gao.ssAs-=~~~~~~~~~~~~~~~~~~~fP 
GaAs""'-n-AIO.35Gao.ssAs/~~~~~:""O:""I::""O:""I:~~~~""'''''''''''''''';:-<::"'<~~'---A 
Figure 1. The laser Array is formed of layers and channels of AlxGa1•xAs deposited epitax· 
ially. In this structure, the layer, channel , and interchannel dopings are chosen so that the 
gain in the interchannel spaces is the same as the gain in the channels. 
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Figure 2. These Far-Field Radiation Patterns show the performances of laser arrays like 
the one in Figure 1. These measurements are performed in the plane of the laser junc-
tions. The angles are measured with respect to the forward direction (the direction along 
the channels). 
A Quick Visual Power-Supply Monitor 
A tricolor LED displays high , low, 
and intermediate output voltages. 
Marshall Space Flight Center, Alabama 
Power-supply voltages can be quickly 
monitored by a circuit equipped with a 
light-emitting-diode (LED) display. An oper-
50 
ator looking at the display can quickly spot 
whether power output voltage is above, be-
low, or within the acceptable limits. 
nels were absorptive. This favored oscilla-
tion in superrrodes that were least absorbed 
in the interchannel spaces; that is, in the 
high-order supermodes. In the new struc-
ture, there is no longer a mechanism that 
favors the high-order supermodes, and the 
fundamental supermocle can dominate. 
Wafers with the improved laser arrays 
were prepared by liquid-phase epitaxial 
growth. First, the layers up to and including 
the p-AI01 GaOgAs layer containing the 
laser channels (see Figure 1) were grown 
on an n + -GaAs substrate. The spaces be-
tween the channels were then formed by 
etching with a 1 :8:8 mixture of H2S04, 
H~2' and H~. The remaining laser ridges 
were then 0.5 /Am high. Two lateral ridge 
(channef) spacings were used: Ridges 4.5/Am 
wide with a 9-/Am period and ridges 2.5/Am 
wide with a 5-/Am period. 
The ridges were covered with a 4-/Am-
thick layer of Ge-doped p-Alo4Gao.sAs. 
The ridges thus became buried laserl 
waveguide channels. The next layer was 
Ge-doped p + -GaAs, which was followed 
by a Cr/Au positive-side electrode. After 
lapping, a contact of AuGelAu was deposited 
on the bottom. Laser arrays were cleaved 
from the wafer to a length of 250 /Am . 
Figure 2 shows the far-field radiation 
patterns in the laser-junction plane pro-
duced by lasers with the 9- and 5-/Am spac-
ings. The peaks at 0° and 5.5° in the 9-/Am 
laser pattern correspond to those calcu-
lated when all lasers operate in phase. The 
lesser peaks surrounding the three main 
peaks correspond to a higher order mode. 
The width of the three main peaks is 1.3°, 
which is 1.6 times the diffraction-limited 
width. 
The pattern for the 5-/Am laser shows a 
Single central peak. The width of 1.6° to 
1.8° is only about 1.2 times the diffraction 
limit. This single narrow peak indicates that 
the radiation is well concentrated in the 
fundamental supermode. 
This work was done by Seiji Mukai, C. P. 
Undsey, J. Katz, E. Kapon. A. Yariv, and S. 
Margalit of Caltech for NASA's Jet Pro-
pulsion Laboratory_ For further informa-
tion. Circle 85 on the TSP Request Card. 
NPO-16500 
The circuit as shown in the figure can 
monitor power-supply voltages between 5 
and 15 volts. It has two potentiometers: 
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This Power-Supply Monitor uses a tricolor LED display to indicate acceptable and unacceptable output voltages. A quick glance at the 
monitor shows the operator whether the voltage is above, below, or within the acceptable limits. 
One to set the upper voltage limit, the other, 
the lower voltage limit. When the moni-
tored voltage is above the set maximum, 
the LED display turns red. Yellow turns on 
for voltages below the set minimum, and 
green turns on for voltages between the 
high and the low settings. 
The c!rcuit does not need a separate 
power supply. It is powered by the voltage it 
monitors. 
Through simple modifications, the cir-
cuit can be adapted to monitor voltage dif-
ferences between two power supplies. 
Should the monitored voltages differ by 
more than a set value, a visual or an audi-
ble alarm would warn the operator about 
the difference. The circuit can also be 
modified for remote monitoring and the 
use of a separate power supply. 
This work was done by Lloyd W Taylor 
of The Johns Hopkins University, for Mar-
shall Space Flight Center_ No further 
documentation is available. 
MFS-26014 
Controlling Transistor Temperature During Bum-In 
A boiling refrigerant regulates temperature. 
Marshall Space Flight Center, Alabama 
A boil ing refrigerant provides a simple 
temperature control for newly manufac-
tured power transistors. Previously, tran-
sistor "burn in" - that is, operating the 
transistor continuously for an extended 
period to stabilize its characteristics - re-
quired a large heat sink to dissipate the 
heat generated at high power levels. Elabo-
rate control electronics was also needed to 
maintain the transistor cases at the speci-
fied temperature. . 
The heat-transfer liquid is Fluorinert 
FC-77 (or equivalent). The liquid boils at 
1000 C, which is the specified temperature 
at which the transistor cases should be 
maintained during the burn-in with this 
technique. Refrigerants boiling at other 
temperatures might be used for burn-in at 
those temperatures, provided that they 
meet the requirements of safety and 
chemical compatibility with the compo-
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nents under test. 
The boiling fluid absorbs heat from the 
transistors without itself increasing in tem-
perature, keeping the transistors within an 
acceptably narrow range between 98 0 and 
101 0 C. In comparison with standard burn-
in methods, more power can be dissipated 
in less area, and a large heat sink is not 
needed. Electronic controls are minimal, 
since the fluid itself regulates the transistor 
temperature. 
The transistors are mounted on alumi-
num frames with cable harnesses for elec-
trical power and grounding. The frames are 
IoNered into an aluminum tank measuring 36 
by 30 by 30 in. (91.4 by 76.2 by 76.2 cm). The 
tank is filled with the liquid to a level of 2 in. 
(5 cm) above the topmost row of transis-
tors. A heavy aluminum lid containing coils 
of copper tubing is placed over the tank. 
Tap water flowing through the tubing keeps 
the lid cool. Power to the transistors is 
turned on, and, as their temperature rises 
to about 1000 C, the fluid starts boiling. The 
vapor condenses on the cool lid and re-
turns to the tank. 
Several safety controls are incorpor-
ated in the burn-in setup. A level sensor 
monitors the depth of liquid in the tank. A 
flow sensor measures the flow of water 
through the condensing coils. A conductiv-
ity probe monitors the liquid for the pres-
ence of water and other conductive con-
taminants. Thermocouples measure the 
case temperature of the transistors. If any 
of these instruments detects an abnormal 
condition, the burn-in system is automati-
cally shut down. 
This work was done by Bernard C. Scott 
of Martin Marietta Corp. for Marshall 
Space Right Center_ No further docu-
mentation is available. MFS-28076 
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pledge allegiance to the flag of the 
tlnited States of America. Unless, 
of course, my boss won't give me 
the time off because of meetings or 
,.._~", .. ;~_., tory or my family has made plans 
eweekend ... 
Keyboard With Voice Output 
A voice synthesizer tell~ what key 
is about to be depressed. 
Lyndon B. Johnson Space Center, Houston, Texas 
A proposed keyboard would give an op-
erator verbal identification of a key before it 
is actually pressed. The operator would 
lightly place a finger on the intended key, 
and a voice synthesizer would announce 
the key that has been selected. The opera-
tor could then follow through with the se-
lection by pressing the key or could aban-
don the selection. 
The verbal feedback is useful for blind 
operators or where dim light prevents a 
sighted operator from seeing the key-
board. It might also be used where the 0p-
erator is busy observing other things - a 
remote manipulator for example - while 
keying data into a control system. In situa-
CapaCitance 
Conductor 
Contacts ---..... 
Braille 
Raised Dots 
CAPACITIVE RELAY 
tions where correct data entry is critical, 
the feedback gives the operator added 
confidence. It can be used as a training aid 
for touch typing. It can also be used to train 
blind operators to use both standard and 
braille keyboards. The concept can be 
adapted to such equipment as typewriters, 
computers, calculators, telephones, cash 
registers, and onloff controls. 
The voice synthesizer could be actuated 
by a light touch or by the proximity of a fin-
ger to a capacitive relay. Alternatively, the 
synthesizer could be actuated by a switch 
that is closed by a slight depression of the 
key (see figure): In this case, further de-
pression would actuate the main switch 
+v 
Braille 
Raised Dots 
Normally Closed 
Relay 
(Optional) 
PROGRESSIVELY SHORTING 
SWITCH 
associated with this key. An audible beep 
or reactivation of the voice synthesizer 
could occur at this point to confirm that the 
key command has been received by the 
system. For further confirmation, the oper-
ator could depress another key to have the 
last character or group of characters 
reannounced. 
This work was done by William C. Huber 
of Johnson Space Center. No further 
documentation is available. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Johnson 
Space Center [see page 29]. Refer to 
MSC-20869. 
+v 
Braille 
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-."..,.-+V 
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SMALL POSITION·SENSITIVE 
SWITCH 
A Variety of Electromechanical Devices can be used to actuate the voice synthesizer. In all of them, pushing the key to its limit will imple-
ment the command identified by the voice synthesizer. 
Conductive Container for Semiconductor Devices 
A container holds components securely while 
protecting them from electrostatic damage. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
A container for semiconductor compo-
nents not only protects them against me-
chanical damage but also ensures that 
they are not harmed by electrostatic dis-
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charges. In addition, the container holds 
components in fixed positions so that they 
can be serialized and identified from their 
locations. The container is suitable for 
holding components during both storing 
and shipping. Originally developed for mi-
crowave diodes, the container concept is 
readily adaptable to transistors and inte-
NASA Tech Briefs, Winter 1985 
grated circuits. 
When open, the container holds the 
components magnetically: Thus, the com-
ponents must contain a magnetic alloy. 
One example is Kova~ , an Fe/Co/Ni alloy 
commonly used in electronics to make 
glass-to-metal seals. 
A plastic strip magnet is bonded to the 
container base with an adhesive. A posi-
tioning plate containing an array of holes 
(see figure) is placed over the strip magnet. 
The hole size and the plate thickness must 
be large enough to accommodate the 
components. A cover plate is slid into place 
along grooves in the sides of the container 
and fastened in the fully closed position 
with a screw. 
The base, cover, and positioner plate 
are made of a conductive material such as 
metalized plastic. They thus exclude elec-
tric fields from the interior of the container 
and prevent electrostatic discharges into 
the components. 
This work was done by John I Rice of 
Caltech for NASA's Jet Propulsion lab-
oratory. For further information, Circ/e 66 
on the TSP Request Card. 
NPO-16110 
Cover Plate 
(Slides in Grooves After 
Magnet and Positioning 
Plate Are Installed) 
A Plastic Strip Magnet is sandwiched between the container base and the positioning 
plate. A screw passes through the cover plate and engages a threaded hole in the base to 
complete the container assembly. 
Low-Cost Humidity Sensor 
Moisture absorption changes.frequency of an oscillator. 
NASA 's Jet Propulsion Laboratory, Pasadena, California 
An electronic humidity sensor is simple, 
inexpensive, and produces an output that 
is readily used by indicator or control cir-
cuits. The sensor operates at a safe, low 
voltage and is relatively invulnerable to 
electrolysis effects. 
The new sensor is a resistor/capacitor 
(RC) oscillator in which a water-absorbent 
plastic film is the insulator in the capacitive 
element. The capacitance of the film in-
creases with the amount of water it ab-
sorbs from the air and thus reduces the os-
cillation frequency. A frequency counter 
produces a digital output that represents 
the change in frequency and hence the 
change in relative humidity. The sensor 
can be used to measure humidity in the at-
mosphere, in the soil , and in industrial 
gases, for example. 
The RC oscillator is assembled from 
commercial components, except for the 
capacitor. A Schmitt-trigger-type integrated 
circuit is coonected to the capacitor, which 
consists of a film of a commercially produced 
sulfonated fluorocarbon polymer. 2 inches 
(5.08 centimeters) square, sandwiched be-
tween perforated metal plates (see figure). 
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Moisture·Absorbing Plastic Film clamped between metal plates alters the capacitance in 
an RC circuit. Although sulfonated fluorocarbon is a good choice for the film because of 
its high water absorption and chemical resistance, such other materials as zirconia might 
also be used. 
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The oscillation frequency decreases al-
most linearly from about 100 to 16 kilohertz 
as the relative humidity increases from 
about 20 to about 76 percent. 
The operating voltage is low enough that 
significant electrolysis of the absorbed 
water does not OCCUL The corrosion and 
polarization of electrodes that electrolysis 
often causes are therefore not observed. 
The new sensor also offers better accu-
racy and resolution than do its predeces-
sors, because frequency can be measured 
more readily than the picoampere or nano-
ampere currents produced as outputs in 
the older sensors. 
This work was done by Eric G. Laue of 
Floating-Emitter Solar-Cell Transistor 
A conceptual transistor embedded in a photovoltaic diode 
promises to increase efficiency to more than 20 percent. 
~ NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed solar cell would incorporate 
a junction transistor for greater efficiency. 
Whereas the best conventional solar cells 
are about 15 percent efficient, the new de-
vice promises efficiencies greater than 20 
percent. 
The solar-cell transistor would have a 
front-surface contact, a rear contact, and a 
floating emitter. The figure shows one of 
the promising types of solar cells. A variety 
of other contact and junction configura-
tions are possible, but in contrast with the 
one in the figure, they do not offer ease of 
fabrication in combination with high 
performance. 
An n-type epitaxial layer of 50 JAm thick-
ness would be deposited on a 300-JAm p + 
substrate. The relatively high thickness of 
the substrate makes the 3- to 6-in. (7.6- to 
15.2-cm) silicon wafer less susceptible to 
breakage than ordinarily. 
The processing steps are well known 
and within the capability of very-Iarge-
Front 
p+ Contact 
Rear 
Contact 
p + Si Substrate 
p+ 
Wafer-Edge 
Groove 
The Solar·Cell Transistor has both front 
and back electrical contacts and an emitter/ 
base/collector structure. The deep groove 
isolates the p +/n junction from saw dam-
age and electronic edge effects. 
scale-integration technology. With an epi-
taxiallayer thin enough so that the forward 
and reverse common-base current gains 
are near unity, and with all possible elec-
Tester for Distress Beacons 
Onboard monitor checks distress 
beacons en route. 
Goddard Space Flight Center, Greenbelt, Maryland 
Distress beacons on aircraft and boats 
can be checked for proper operation with 
the aid of the onboard monitor shown in the 
figure. The monitor: 
• Determines whether a beacon is ready 
to transmit a distress signal , 
• Checks the beacon by making it transmit 
a nondistress test signal on the distress 
frequency, and 
• Resets the beacon for emergency use 
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after completion of the test. 
The monitor is mounted in the aircraft 
cockpit or at the wheel of a boat. It is con-
nected to the beacon electronics by a 
cable. The monitor is used with interface 
circuitry in the beacon, which acts as a buf-
fer so that operation of the beacon is not 
adversely affected if the monitor is re-
moved or if the connecting cable is acci-
dentally short circuited. 
Caltech for NASA's Jet Propulsion lab-
oratory. For further information, Circle 68 
on the TSP Request Card. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA Resi-
dent Office-JPL [see page 29]. Refer to 
NPO-16544. 
tron/hole recombination losses minimized, 
the open-circuit voltage will be high, the 
short-circuit current loss will be minimal, 
and efficiency will be greater than 20 per-
cent. The rear collecting junction should 
also boost the open-circuit voltage and 
short-circuit current. 
The solar-cell transistor would be relatively 
immune to variations in the common-emitter 
current gain between devices. Even for a 
2-to-1 spread in this gain, the open-circuit 
voltage will vary only about 20 mY. 
This work was done by Chih Tang Sah 
and U Jen Cheng of Caltech for NASA's 
Jet Propulsion Laboratory. For further 
information, Circle 15 on the TSP Request 
Card. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA Resi-
dent Office-JPL [see page 29]. Refer to 
N PO -1-6467. 
The monitor is used with emergency lo-
cating transmitters (ELI's) on aircraft and 
emergency poSition-indicating radio bea-
cons (EPIRB's) on boats. Both the ELI's 
and the EPIRB's are essentially the same 
systems, transmitting an internationally rec-
ognized distress signal at 121.5 or 243 MHz, 
except the ELI's are activated by impact, 
and the EPIRB's by contact with water. 
To test an ELT, a pilot sets the monitor 
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control switch to the reset/test position 
(see figure). The monitor then bypasses the 
impact-actuated switch and turns the bea-
con on. At the same time, the monitor dis-
ables the frequency modulator in the bea-
con audio-signal generator, which ordinar-
ily repeatedly sweeps from about 1,600 to 
alx>ut 300 Hz two to four times per second 
(the distress signal required by law). Con-
sequently, the transmitter is operating but 
emits a single tone not recognized as a dis-
tress signal: This prevents false alarms. If 
the beacon operates properly, the monitor 
emits the modulating tone and lights a 
lamp labeled "ELT transmitting." 
When the pilot sets the monitor switch to 
the "armed" position, the beacon is ready 
to transmit a real distress signal. If the bea-
con battery power drops excessively or if 
the beacon starts transmitting, the monitor 
will illuminate indicator lamps and sound 
an alarm. The pilot also has the option of 
actuating the beacon distress Signal manu-
ally by turning on the monitor switch. 
Although ELT's transmit a standard dis-
tress signal and have similar circuits, there 
are some differences among units in 
switching the distress signal. Some are 
electrically latched, some mechanically. 
With mechanical latching, the switch stays 
closed once it is activated by impact. With 
electrical latching, the impact switch is 
closed only temporarily, but it turns on a 
silicon-controlled rectifier, which then re-
mains latched in conduction. These differ-
ences entail slight differences in some 
parts of the monitor and interface circuits 
devoted to bypassing the impact switch. 
Since an EPIRB has no impact switch, it is 
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The Aircraft Version of the Remote Monitor supplies the pilot with visual and aural infor-
mation about the condition of the distress beacon, which Is usually placed near the tail. 
not necessary to provide for bypassing it in 
the monitor. 
This work was done by William R. Wade 
of Protean, Inc., for Goddard Space 
Right Center. For further information, ar-
cle 70 on the TSP Request Card. 
This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive li-
cense for its commercial development 
should be addressed to the Patent Coun-
sel, Goddard Space Flight Center [see 
page 29]. Refer to GSC-12892. 
Control Electronics for Solar/Flywheel Power Supply 
Energy is automatically put into or 
taken out of flywheel motion. 
Marshall Space Flight Center, Alabama 
A control circuit automatically directs 
the flow of electrical energy to and from a 
motor with a flywheel that constitutes the 
storage element of a solar-power system. 
When the insolation is sufficient for charg-
ing. power is supplied by the solar-cell ar-
ray to the load and to the motor. During 
periods of darkness, the motor is made to 
act as a generator, drawing kinetic energy 
from the flywheel and supplying it to the 
load. 
The control circuit (see figure) includes 
voltage comparators and amplifiers that 
measure the load voltage, source voltage, 
motor speed, and motor current. The 
motor-current feedback signal is derived 
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from the voltage across a series resistor, 
while the tachometer output voltage 
serves as the motor-speed feedback. The 
control signals developed by the amplifiers 
and comparators are applied to the 
SWitching transistors that commutate the 
motor current. 
Pulses of voltage from the power-supply 
bus are applied to the motor at a typical 
repetition rate of 10 kHz. The repetition 
rate is that of an externally-generated saw-
tooth timing and voltage-comparison sig-
nal. The effective current and voltage ap-
plied to the motor, and therefore the average 
torque, are controlled by varying the pulse 
duration. 
In the energy-storing (accelerating) 
mode, the pulses are sufficiently long to 
overcome the back emf of the motor and 
to force the accelerating motor current to 
a commanded value. When the motor 
speed reaches the maximum allowable, 
the pulse duration is reduced to a value 
just great enough to overcome frictional 
losses and maintain constant speed. 
When the insolation is below the mini-
mum for charging, the pulse duration is 
shortened. The back emf of the motor is al-
lowed to force a reversal of the motor cur-
rent, so that the motor supplies power to 
the bus. The average voltage applied to 
the load by the motor is adjusted by vary-
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A Feedback Control Circuit adjusts the duration of voltage pulses applied to a motor in the energy-storing (accelerating) mode. It adjusts the 
duration of back-emf pulses applied to the load in the energy-withdrawing (decelerating) mode. 
ing the duration of the back-emf pulses. 
The pulses are filtered out of the line volt-
age by the capacitor. 
This work was done by Frank J. Nola of 
Marshall Space Right Center. For fur-
ther information, Circle 26 on the TSP Re-
quest Card. MFS-2S978 
Reduced-Stress Mounting for Thermocouples 
Mounting accommodates widely different 
coefficients of thermal expansion. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
A way of connecting semiconductor 
materials in thermoelectric energy con-
verters can reduce the stress caused by 
thermal expansion. The concept was origi-
nally developed for semiconductor ther-
mocouples composed of lanthanum sulfide 
(the negative material) and boron carbide 
(the positive material). With increasing 
temperature, these semiconductors ex-
pand at different rates. When the different 
materials are joined, the stress due to the 
unequal expansion can result in eventual 
fatigue failure. 
The conventional "pi" configuration for 
semiconductor thermocouples was 
adapted to lanthanum sulfidelboron car-
bide thermocouples by the addition of a 
copper wire mesh to one leg of the couple 
(see top of figure). The mesh can be com-
pressed and expanded to accommodate 
thermal changes in dimensions of the legs. 
In the new method (see bottom of 
figure), the legs of the thermocouple would 
be placed in separate n- and p-type arrays. 
The two arrays would contact a common 
heat pipe as a source but would have sepa-
rate heat-pipe sinks. Wires would connect 
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Instead of Parallel nand p Legs in the pi configuration (above), legs of each type are ar-
rayed together (below). The legs in each array change dimensions with temperature at a 
uniform rate. 
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On November 18, 1985, at SIGAda in Boston, 
ALSYS will open the doors to Ada . . . 
With Ada compilers for 15 computer models 
Apollo Domain D 300, DN320, DN330, D 400, 
DN460, DN550, DN600, DN660. 
SUN Workstations 2/50,2/100,2/120,2/160,2/170. 
Hewlett-Packard 9000, Series 200, 300. 
With an Ada cross-compiler 
DEC VAX 11/730,111750.111780,111785, and MicroVAX I 
Cross-Compiler to Altos Aa3 68000. 
With Ada training products 
You Know Fortran-Ada is Simple 
(12 Lesson Computer-Aided Instruction for those 
who know Fortran,) 
Lessons on Ada 
(2-Volume, 27 lesson CAl course running on IBM-
PCandVAX.l 
Ichbiah. Barnes and Firth on Ada 
1.27 video tape overview of Ada by language 
designers.) 
With Ada programming tools 
AdaQuery 
(Complete, searchable on-line Ada Language Refer-
enceManuaU 
AdaViewer 
(Unique viewing tool for Ada programmers. ) 
With more compilers in development 
IBM-370 Compiler under development at Alsys Ltd., U.K. 
Hewlett-Packard 1000 Series A900 Compiler under de-
velopment at Alsys Ltd., U.K. 
IBM-PC/AT and IBM-PCnIT Compilers under develop-
ment at Aisys, Inc., U.S. 
Alsys. Inc . • 1432 Main Street· Waltham . MA 02154 • U.S.A . • Phone: (617) 890-0030 • Telex: 948536 
Alsys. S.A . • 29. Avenue de Versailles ' 78170 La Celle St. Cloud ' France ' Phone: (3)918.12.44 • Telex: 697569 
Alsys. Ltd .• Partridge Hse. Newton Road ' Henley-on-Thames' Oxon RG91EN . England ' Phone: (049lJ 579090 • Telex: 846508 
® Ada is a registered trademark of the U.S. Government (AJPQ). 
Circle Reader Action No. 341 
metal electrodes on each n-type element 
to electrodes on the neighboring p-type 
elements. AIl electrically insulating layer 
would isolate the heat pipes from the legs 
while allowing heat transfer. 
The net expansion (or contraction) 
would be taken up by a spring mounting on 
the heat-pipe sinks. Temperature-induced 
stresses on the elements would thus be 
limited to those caused by the spring 
forces. The spring mounting would also 
support the sinks, eliminating much of the 
Determining Internal Connections in Capacitors 
A simple test shows which terminal 
is connected to the outer foil. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
A simple electrical test shows which of 
two capacitor terminals is connected to 
the outer capacitor foil. The test makes it 
unnecessary to resort to X-ray inspection 
to distinguish the terminals. 
For maximum reliability, the outside foil 
of a high-voltage capacitor should be con-
nected to a particular point in a circuit -
for example, to ground or to a low voltage. 
It is therefore necessary to determine 
which terminal is connected to the outer 
foil. The terminals are not always labeled 
on the component and, in some cases, are 
incorrectly labeled. 
The test requires an oscilloscope and a 
square-wave signal generator with a 
source impedance of about 500 ohms. The 
Signal-generator output is adjusted to 
about 10 V rms without an external load. 
The oscilloscope probe is attached to a 
conductive plate that is placed under the 
capacitor (see figure). The oscilloscope 
ground is attached to one of the capacitor 
terminals and to the signal-generator 
ground. The ungrounded signal-generator 
output lead is connected to the other ca-
pacitor terminal. 
Signal 
Generator 
10 kHz 
support load on the fragile semiconductor 
legs. 
This work was done by Charles Wood of 
Caltech for NASA's Jet Propulsion lab-
oratory. For further information, Orcle 67 
on the TSP Request Card. NPO·16513 
....... -t+---t--t Oscilloscope 
Ungrounded Output Connected to 
Outer Foil : Waveform High 
Ground Connected to Outer 
Foil : Waveform Low 
The operator observes the display, re-
verses the capacitor terminals, and 0b-
serves the display again. The display will 
show a higher voltage waveform when the 
ungrounded lead of the signal generator is 
attached to the outer capacitor foil. 
When the Outer Foil of a Capacitor is attached to the ungrounded signal-generator out-
put lead, the oscilloscope displays a higher waveform amplitude. When the outer foil is 
joined to the grounded signal-generator output lead, the waveform amplitude is lower. 
The test can also be used to determine 
internal connections in multiple-element 
capacitors. In that case, the conductive 
plate has to be about as narrow as each 
element. The strip is placed against the 
side of each element while the terminals 
are connected first one way, then the other. 
.Aqain, a high reading on the oocilloscope 
identifies the outer-foil-connected terminal. 
Accelerating Corrosion in Solar-Cell Tests 
The degradation of metal contacts 
becomes evident in a few hours. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
A Simple electrochemical technique for 
accelerated testing of solar cells aids in 
60 
identifying corrosion mechanisms. Al-
though developed specifically for cells with 
This work was done by Frank M. Ott and 
Michael F. Hanna of Caltech for NASA's 
Jet Propulsion Laboratory. For further in-
formation, Orcle 79 on the TSP Request 
Card. NPO-16499 
Ti/PdlAg contacts, the technique can read-
ily be adapted to other metal combinations. 
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In a Simple Electrochemical Cell, two silicon solar cells serve as an anode and cathode, 
respectively. The electrolytic medium and the voltage between them accelerate corrosion 
and migration interactions between the cell metal contacts and the plastic encapsulant. 
A study employing the technique 
showed that the solar·cell encapsulant 
acts as an electrolyte that contributes to 
corrosion by allowing silver to migrate from 
the metal contact grid. The silver in the en· 
capsulant reduces its transparency and 
thereby reduces cell efficiency. This finding 
was supported by measurements of the 
electrical performances of solar cells: 
Power output dropped because of corro-
sion products in the encapsulant around 
the metal contacts. According to the study, 
ethylene-vinyl acetate (EVA) copolymer is 
superior as an encapsulant to the com· 
monly used polyvinyl butyral (PVB) 
because silver migration was detected in 
PVB but not in EVA. 
A one-compartment electrochemical 
cell is used in the accelerated-corrosion-
testing technique (see flQure). Two encapsu-
lated solar cells are immersed in 0.01 molar 
hydrochloric acid, a concentration that 
yields the requisite low pH of 2 for acceler-
ated testing. A potential of 60 V is applied 
between the solar cells so that one be-
comes an anode, the other a cathode. This 
potential is typical of that between cells 
Imagine. 
Imagine, With your help, our genera-
tion could be the one that beats 
Huntington's .. , forever. Please give 
generously to the National 
Huntington's Disease Association. 
II NATiONAl HUNTINGTON'S DISEASE ASSOOIATION 
NASA Tech Briefs, Winter 1985 
and between cell strings and grounded 
metal frames in solar-cell modules. The 
electrolyte temperature is 70° C - well 
below the 100° C limit of encapsulation 
materials but high enough to accelerate 
corrosion. 
In the stl.dy, the anode solar cells -were re-
moved from the electrolyte after 27 hours 
of immersion, and encapsulants were re-
moved from the cells. Both the metal contact 
grids and the encapsulants were analyzed 
chemically, Scanning electron microscopy, 
energy-dispersive X-ray analysis, and elec-
tron spectroscopy were used. 
In PVB-encapsulated cells subjected to 
accelerated testing, only palladium and ti-
tanium were detected on the silicon wafer; 
no silver was present. The encapsulants, 
however, contained silver oxide, which 
was probably a product of silver from the 
metalization that was anodically oxidized in 
the electrochemical cell. 
In the cathode solar cells, the encapsu-
lants were largely delaminated after the 
test immersions. The delamination is attrib-
uted to the cathodic evolution of hydrogen 
gas on the metal surfaces. 
This work was done by Hoda M. Shalaby 
of Galtech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
21 on the TSP Request Card_ 
NPO-16096 
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Vibration-Free Raman Doppler Velocimeter 
Nonintrusive measurements of gas velocity, temperature, 
and pressure are possible in a highly vibrational environment. 
Lang/ey Research Center, Hampton, Virginia 
Laser Doppler velocimetry (LOV) has 
been used extenSively for measuring flow 
velocities by tracking particles seeded into 
the flow. The seeding requirement, how-
ever, is often undesirable and sometimes 
impractical. A new method is under devel-
opment to measure the flow velocity of the 
molecules directly by nonintrusive laser 
techniques. This method, combined with a 
vibration-free design, makes the flow-
velocity measurements practical in severe 
vibrational environments. 
The method is based on the Raman 
scattering of light from specific molecules 
in the flow, such as N2, O2, or H2. If the 
molecules are moving, the scattered light 
also exhibits a Doppler shift in frequency. 
The shift in the Raman spectra, therefore, 
can be related directly to the velocity of the 
molecules. Spontaneous Raman spectro-
scopy with a single laser could, in principle, 
be used, but weak Signals and inadequate 
spectrometer resolution preclude such a 
measurement. The use of coherent (stimu-
lated) Raman spectroscopy increases the 
Signal by orders of magnitude and has a 
considerably higher resolution due to the 
narrow line widths associated with lasers. 
tn one version of coherent Raman spec-
troscopy, called stimulated Raman gain 
spectroscopy (SRGS), two lasers interact 
with the molecules, and the difference in 
frequency between these lasers is ad-
justed to be in resonance with a Raman 
shift exhibited by a specific molecule. 
Many geometrical arrangements can be 
envisioned for these two lasers. Two con-
figurations, however, define the limits to 
their interactions with the molecules; 
namely, forward and backward scattering. 
In forward scattering, the moving mole-
cules "see" two laser beams, the frequen-
cies of which are shifted in the same (spec-
tral) direction and by about the same 
amount; hence, there is very little Doppler 
shift (and breadth) by which to measure ve-
locity. In backward scattering, on the other 
hand, the molecules "see" one laser beam 
shifted in one spectral direction, while the 
other laser beam is shifted in the opposite 
direction. This results in a large Doppler 
shift (and breadth) that is considerably easi-
er to measure. The ratio of Doppler shift to 
breadth is actually the same in both cases, 
but the larger shift exhibited in backward 
scattering (typically 15 times that for for-
ward scattering) is easier to measure since 
it relaxes the stability and line width re-
quirements placed on the lasers. This con-
cept for measuring molecular velocities 
has been demonstrated in the laboratory, 
but the double-ended configuration em-
ploys tightly focused, counter-propagating 
laser beams and would be impossible to 
apply in severe vibrational environments 
such as in wind tunnels. 
The solution to this problem is to mount 
both lasers on a single optical table and ret-
roreflect one of the beams back onto itself. 
If this is done with a corner cube and lens 
(in effect, a retrometer), as shown in the fig-
ure, the retroreflected beam is brought to 
the same focal point as the forward-
directed beams. This situation occurs 
since a corner cube sends light back in the 
same direction from which it came. A lens 
is used to render a collimated (parallel) 
beam incident on the corner cube. This 
combination renders the desired focal 
point (within optical tolerances set by the 
Raman Scattering and Retroreflection combine to yield a useful technique for wind-
tunnel gas-flow mapping. 
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individual components) for the retrore-
flected beam. The result is that this retrore-
flected focal point is practically indepen-
dent of lateral or rotational movements of 
the retrometer. In this manner, counter-
propagating focused beams are easily at-
tained with the simple requirement that the 
forward beams strike the retrometer. The 
retrometer can be moved (shaken) relative 
to the laser table, but this motion will not im-
pact the overlapping of the two counter-
propagating beams. Vibration-free overlap 
of the two counter-propagating beams is 
therefore attained. 
The laser pump beam (directed toward 
the retrometer) simultaneously interacts 
with the probe beam in both the forward 
and backward directions. The detector will 
first sense a signal (gain/loss) from the 
backward scattering, followed by a Signal 
from the forward scattering. The latter sig-
nal will be observed at a later time, given by 
the round-trip time for the probe beam to 
travel from the focal point to the retrometer 
and back. Since the speed of light is about 
1 foot (0.3 meters) per nanosecond and since 
the round trip is typically 10 feet (3 meters), 
this delay is about 10 nanoseconds, easily 
discriminated with a boxcar averager. 
Thus, an additional advantage of the 
retrometer configuration is the nearly si-
mUltaneous observation of both forward 
and backward scattering. In this mode, the 
forward-scattered spectrum is essentially 
unshifted with respect to the backward-
scattered spectrum and provides a nearly-
zero-shift frequency reference. In other 
words, there is no requirement in this setup 
for an absolute frequency reference. It is 
also possible to measure the translational 
temperature of the gas by measuring the 
breadth (predominantly Doppler broad-
ened) of the backward-scattered line. 
Fmlly, the breadth of the forwardocattered 
line can be related to the pressure of the 
gas, since pressure broadening generally 
dominates over Doppler broadening in this 
case. Thus, the use of this system results in 
a vibration-free velocimeter in which both 
forward and backward scattering can be 
observed Simultaneously, yielding nonin-
trusive point measurements of velocity, 
temperature, and pressure with a single 
optical system. 
This work was done by Reginald J. Exton 
of Langley Research Center. further in-
formation may be found in NASA TM-
85808 [N84-254331NSPJ, "Molecular ~­
Iocimetry Using Stimulated Raman Spec-
troscopy" [$7]. A copy may be purchased 
[prepayment required] from the National 
Technical Information Service, Springfield, 
Virginia 22161. 
This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive li-
cense for its commercial development 
should be addressed to the Patent Coun-
sel, Langley Research Center [see page 
29]. Refer to LAR-13268. 
Modular, Fast, Two-Dimensional Cyclic Convolver 
A synthetic-aperture-radar processor would include VLSI 
units to reduce cost, size, and power dissipation. 
NASA 's Jet Propulsion Laboratory, Pasadena, California 
A proposed high-throughput, real-time 
synthetic-aperture-radar (SAR) processor 
would be built using a new, modular, two-
dimensional cyclic convolver architecture 
based on polynomial factorization and de-
signed for very-large-scale integrated 
(VLSI) circuitry. The new architecture 
would reduce the cost, size, and power dis-
sipation of an SAR processor in compari-
son to the high-speed array-processor ap-
proach. The processor could also be used 
for other image- and data-processing appli-
cations involving two-dimensional Fourier 
transforms. 
Present VLSI digital signal-processor 
chips are too slow and have too little on-
chip memory to process the large SAR 
data arrays directly in real time. In the cur-
rent state of the art, the fabrication of faster 
VLSI chips would lead to higher cost, lower 
yield, lower logic-component density, and 
higher power dissipation. 
The new architecture circumvents 
these deficiencies by using an algorithm 
that transforms the calculation of the SAR 
two-dimensional cyclic convolution of a 
large data array into a form in which a 
group of identical two-dimensional cyclic 
convolver chips operates in parallel on a 
group of smaller data arrays. Three fast 
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A Fast, Modular, Two-Dimensional Cyclic Convolver would process large two-
dimensional data arrays. The convolver includes VLSI signal processor chips that oper-
ate in parallel. 
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convolution algorithms that could be used 
in the chips are the rowlcolumn fast 
Fourier transform (FFl), the fast matrix 
transpose. and the fast polynomial trans-
form (FPT). 
The smaller data arrays are obtained 
from the original array by a decomposition 
process based on polynomial factorization. 
In this process, the two-dimensional con-
volution of the original array is first reex-
pressed as an N-point one-dimensional 
polynomial convolution and then decom-
posed into two N/2-point polynomial con-
volutions. This decomposition process is 
repeated as many times as necessary to 
break the problem down into pieces small 
enough to be handled by the available 
chips .. 
The figure illustrates a case with two-
level decomposition: The desired cyclic 
convolution of the original data array is 0b-
tained by using four VLSI convolvers in par-
allel on four smaller arrays, each contain-
ing one-fourth as many elements as the 
original array. The first digital signal proces-
sor (OSP), the decomposition processor, 
calculates the smaller arrays from the orig-
inal array. The second OSP uses the Oli-
nese Remainder Theorem (CRl) to calcu-
late the convolution of the original array 
from the convolutions of the four smaller 
arrays. The decomposition, convolution, 
and CRT circuits are pipelined so that they 
all operate simultaneously for high system 
throughput. 
This 'M>rk was done by Kuang Y. Uu of 
caltech for NASA's Jet Propulsion lab-
oratory. For further information, Circle 31 
on the TSP Request card. 
NPO-16379 
Rotating Capacitor Measures Steady Electric Fields 
Rotating electrodes with self-contained 
_ electronics produce remote readings. 
~-----------------------------------NASA 's Jet Propulsion Laboratory, Pasadena, California 
A portable sensor measures electric 
fields created by dc powerlines or other dc-
high-voltage sources. It measures fields 
from 70 to 5O,CXXl VIm with a linearity of 2 per-
cent. The sensor can be used at any height 
above the ground. It measures both the 
magnitude and the direction of the field and 
provides signals representing these meas-
urements to a remote readout device. The 
sensor functions with minimal disturbance 
of the field it is measuring. 
Electric t 
Field 
The sensor employs a pair of opposed 
semicylindrical electrodes that rotate 
about their axis of symmetry (see figure). 
The electrodes constitute a capacitor: The 
electric field charges the capacitor and, as 
the electrodes rotate, the charges are ex-
changed between electrodes as alternat-
ing current at the rotational frequency. An 
operational amplifier measures the charge 
thus produced and generates a periodic 
signal of amplitude proportional to the field 
GeaIing 
magnitude. This Signal modu lates a 
voltage-controlled oscillator, which pro-
duces a train of pulses, the frequency of 
which varies from a central value of 10 kHz 
in proportion to the field magnitude. 
So that the direction as well as the mag-
nitude of the field can be determined, a 
phototransistor on the rotating electrodes 
passes before a stationary light-emitting di-
ode (LED) once every revolution. The pho-
totransistor, stimulated by the LED, pro-
Rotating Capacitor 
Half-Cyl inder 
Electrode (Opposing 
Electrode Removed to 
Reveal Parts) 
Rotating Electrodes, consisting of half-cylindrical shells, cut through an electric field and 
gather charge as they do. Electronic circuitry gathers and processes the charge and gen-
erates synchronizing signals so that the magnitude and direction of the electric field are 
measured. The circuitry is mounted on a board that rotates with the electrodes. 
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vides reference pulses to the encoder. The 
phase relationship between the frequency 
of the field-magnitude pulses and the refer-
ence pulses is a measure of the angle of 
the field, and an encoder adds this informa-
tion to the digital pulse train. 
The Signal-processing electronics ro-
tate with the electrodes. An LED on the 
sensor converts the digital output of the en-
coder to light pulses for transmission by a 
fiber-optic light guide. A rotary optical 
coupler transfers the encoded light pulses 
to the light-guide cable. At the remote read-
out device, the pulses are decoded and 
displayed as field magnitude and direction. 
A small de motor drives the electrode 
shaft. A 9-V battery powers the motor. With 
a fresh battery, the sensor rotates at ap-
proximately 2,400 rpm. The rotational 
speed decreases as the battery is used, 
but the electric-field readout is indepen-
dent of the speed within 1 percent down to 
about 600 rpm. Separate watch batteries 
supply power to the electronics. In its pres-
ent form, this circuitry draws 8 mW. 
The motor, batteries, electronics, and 
light-guide coupler are housed within the 
rotating electrodes, which form a cylinder 
8 cm in diameter and 20 cm long. The size 
can be reduced to approximately 1 by 2 cm 
in a subsequent refined version. With a 
sensor this size, fields that are relatively 
uniform over only a few centimeters can 
be charted, and data can be gathered on 
electric fields after they have been per-
turbed by animals or humans. 
This work was done by Alan R. 
Johnston, Harold Kirkham, and Bjorn Eng 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
92 on the TSP Request Card. 
NPO-16550 
Generating Tunable Far-Infrared Laser Sidebands 
A new tunable source extends infrared spectroscopy 
into far infrared wavelengths. 
NASA 's Jet Propulsion Laboratory, Pasadena, California 
A laser sideband source generates co-
herent radiation of continuously variable 
frequency at submillimeter and far-infrared 
wavelengths. Immediate applications are as 
a local oscillator for heterodyne systems 
and as a tunable source for spectroscopy. 
The tunable far-infrared output is the 
sidebands produced by the mixing of sig-
nals from a fixed-frequency far-infrared 
laser and a tunable klystron. In the experi-
mental apparatus (see figure), the laser 
beam is first passed through a polarizing 
Michelson interferometer. The polarizers 
are polyester-backed wire grids positioned 
so that the laser beam passes through 
each one without change other than a 
10-percent attenuation. 
An off-axis parabolic mirror with a focal 
length of 2.2 cm focuses the laser beam 
onto the mixer, which is a GaAs Schottky-
barrier diode at the apex of an open corner-
cube reflector. The laser power is quasi-
optically collected and coupled to the mixer 
by a 1.7-mm-long phosphor bronze whis-
ker antenna. The diode is soldered to a 
post that passes through the center of a 
waveguide in the corner cube. 
Millimeter-wave radiation is generated 
by the klystron, then chopped by a ferrite 
modulator at the frequency best suited to 
the detector used to monitor the side-
bands. The chopper output then passes into 
the waveguide and to the mixer. 
The laser and klystron signals are mixed 
nonlinearly in the diode, producing side-
bands at the sum and difference frequen-
cies. The unused laser power and the side-
band power return to the interferometer 
along the path of the incident laser beam. 
The interferometer path difference is 
chosen so that the sideband polarization is 
NASA Tech Briefs, Winter 1985 
rotated by 90°, and the laser beam is not 
rotated. 
In an ideal Michelson interferometer, all 
the sideband power and none of the laser 
power would be reflected out. Because of 
imperfections in the polarizers and their 
positioning , some laser power leaks 
through with the sidebands. A tunable 
Fabry-Perot interferometer filters most of 
the laser power out of the beam and se-
lects the desired sideband. Further sup-
Polarizers 
Laser 
Beam 
Flat 
Mirror 
, 
, 
, 
Sideband 
Beam 
Scanning 
===0 t }Fabry-perot 
o Interferometer 
" " \
/\ 
Angle-Tuned 
Mesh Filter 
pression of the laser component is 0b-
tained with a mesh filter that acts as a 
sharp notch (narrow-band-rejection) filter. 
The notch frequency is tuned by adjust-
ment of the angle of the filter with respect 
to the beam. 
An absorption cell for spectroscopic 
studies is placed in the output path. The 
cell is filled with a material having a spec-
tral absorption line within the frequency 
range of the mixer output. As the klystron is 
I Polarizing Michelson Interferometer 
Absorption Cell 
Frequency·Tunable Far·lnfrared Radiation is produced by the mixing of a fixed-frequency 
far-infrared laser beam with the output of a frequency-tunable klystron. By sweeping the 
klystron frequency In synchronism with a video display of the detector output, one ob-
tains direct presentation of the absorption-cell spectrum. 
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scanned in frequency, the detector output 
is recorded to obtain an absorption spec-
trum of the material. 
The system has been demonstrated at 
several frequency bands. Initially, the laser 
was operated at the 693-GHz line of formic 
acid ....nile the klystron was tuned to 93 GHz 
and chopped at 1 kHz. Unear sweeps of 
the Fabry-Perot interferometer clearly indi-
cated the generation of both sidebands with 
an excellent signal-to-noise ratio. Sidebands 
were 0100 generated at the numerous fre-
quencies up to 3,200 GHz. Absorption-cell 
tests were also successful; for example, by 
use of the lower sideband of the formic 
acid line, the klystron was swept in fre-
quency to scan the 599.92681-GHz ab-
sorption line of "heavy" water (HOG). 
This work was done by Herbert M. 
Pickett and Jam Farhoomand of Caltech 
Convolver for Pipelined-Image Processor 
Data would be filtered rapidly with a few chips. 
NASA 's Jet Propulsion Laboratory, Pasadena, California 
A convolver in the programable image-
feature extractor processor described in 
the preceding articles would operate on 
square image portions of 3 X 3 picture ele-
ments. The convolver would produce a 
weighted sum of the nine picture elements 
and assign the sum as a new value to the 
element in the center. The specific choice 
of the convolution weights determines 
whether the convolver performs smooth-
ing, spatial-frequency filtering, edge detec-
tion. or other forms of image processing. 
The convolver (see figure) would be a 
custom-made very-large-scale integrated-
circuit chip. Since three image lines must 
be available simultaneously for process-
ing, two line buffers on external chips store 
the two previously scanned lines while the 
current line is being received and proc-
essed with them. 
In low-level image-processing algo-
Convolver 
Output s 
rithms, the convolution weights are usually 
small positive or negative integers, the ex-
treme values of which differ by a factor of 
20 or less. Consequently, 6 bits (including 
the sign) are used to represent the weights, 
since such a representation is adequate 
for all integers from - 31 to + 31 . To pre-
vent overflow in the output stream, scaling 
is done by shifting the input or output or 
both one or more bits; that is, dividing by a 
power of 2. In the internal chip data paths, 
17 bits are used so that 12 significant bits· 
will remain in the output even when an in-
ternal operation may require the subtrac-
tion of nearly equal quantities. 
Signed arithmetic is done by using the 
ones complement of each picture-element 
value that is to be multiplied by a negative 
weight. This makes it possible to strip off 
the sign bit and use a uniform circuit archi-
tecture 1hat operates with both P9sitive 
s 
.... - -tpw+s t+---iPW+s 
Convolver 
Input 
N = Raste, Une Length In Picture Elements 
WI = Convolve, Weight 
for NASA's Jet Propulsion Laboratory. 
For further information, Orcle 69 on the 
TSP Request Card. 
Inquiries concerning rights fa.,. the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA Resi-
dent Office.JPL [see page 29]. Refer to 
NPO-16497. 
and negative weights . Because th is 
scheme requires the ability to add an arbi-
trary number to the sum of the nine multi-
plications, the convolver can also be pro-
gramed to add numbers to the data stream 
that are unrelated to convolution weights. 
The convolver will fit in a 64-pin pack-
age. The pins are apportioned among the 
input, output, line buffers, power, ground, 
clock, and programing computer. The con-
volver is deSigned to operate at a picture-
element rate of 8 MHz. 
This work was done by Brian Wilcox of 
Caltech for NASA's Jet Propulsion La· 
boratory. For further information, Orcle 76 
on the TSP Request Card. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA Resi-
dent Office.JPL [see page 29]. Refer to 
NPO-16462. 
A 3 x 3 Convolver would produce a weighted sum of the nine contiguous picture elements in a square. The data are processed through 
the convolver at the video scanning rate of the current raster line. The two previous lines are stored in the external buffers [(N-3)-element 
delays). 
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Single-Chip VLSI Reed-Solomon Encoder 
The choice of algorithm permits compact design. 
NASA:S Jet Propulsion Laboratory, Pasadena, California 
A Reed-50lomon (RS) encoder is based 
on the Berlekamp bit·serial multiplier algo-
rithm. The AS code is standard, based on 
code words of 255 B-bit symbols, of which 
223 symbols convey information and the 
remaining 32 are check symbols. This 
code enables the correction of up to 16 er-
roneous information symbols per word. 
The Berlekamp algorithm is based on a 
code-generating polynomial with 32 roots 
that occur in reciprocal pairs. In contrast 
CLK 
LM 
Data In ..... -.----. 
with older RS encoders for long codes, 
those employing the Berlekamp algorithm 
do not require lookup tables to multiply two 
elements: Instead, they function only with 
shifting and exclusive-OR operations. 
The encoder concept is illustrated in the 
figure. The information symbols are fed in-
to the chip bit by bit. While the information 
symbols are being transmitted, the control 
signal lM (load mode) is set to logic "1." 
When there is no transmission or while 
Quot ient Unit 
-------, 
I YO 
T31 I Feedback 
ITerml"---
I I 
___ J I 
I 
I 
I 
I 
check symbols are being inserted, the lM 
is set at logic "0." 
The input-data and lM signals are syn-
chronized by the square-wave clock signal 
ClK. while the operations of the circuit and 
the output-data signal are synchronized by 
clock signals .1 and h The Signals ClK, 
+,. and h are synchronized with each 
other but are not identical in phase and 
pulse width. The control Signal START re-
sets all registers and the divide-by-8 coun-
Product Un,t 
• • TO 
--, 
I 
I 
I 
I 
I 
I 
I 
Data Out -4-+--I FO Y ...... -------+-=::: ________ -1 L ______ J 
Input/Output Unit Remainder Unit 
RS ENCODER 
Sl:;::! f-.LD 
LM LD YO 
... 8 Counter Start 
ZO 
Two-Phase +, CLK Clock Generator +2 
Yt 
;, A CirCUit To Start 
• +2 Generate • 
• LM Start and SL SL 
• 
+2 Y7 
CONTROL UNIT 
CIRCUIT FOR GENERATING CONTROL z7 
SIGNALS START AND SL 
Ri: A I ·Bit Register with Reset 
REGISTER R 
The Encoder Concept is based on a bit-serial algorithm that reduces the required circuit size. The symbols ZI. y" TI• and SI represent quan-
tities calculated according to the algorithm. 
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ter before the encoding process begins for 
a codeword. 
The input/output unit includes flip-flops 
Fa and F1. A pass transistor controlled by 
'1 is inserted before F1 for synchronization. 
Control signal SL selects whether a bit of 
an information or check symbol is to be 
transmitted. 
The product unit is a programable logic 
array, chosen because it is easy to recon-
figure for code-parameter changes. The 
remainder unit stores the coefficients of 
the remainder during the division process. 
The addition operation in this unit is a 
modul0-2 addition or exclusive-OR 
operation. 
Subunit Q is a 7 -bit shift register with re-
set. Subunit R is an 8-bit shift register with 
reset and parallel load: The quantities Zj in 
Q are loaded in parallel into R under the 
control of signal LD every 8 clock cycles. 
These subunits store the currently opera-
ting coefficient and the next coefficient of 
the quotient polynomial. Immediately after 
all 223 information symbols are fed in, con-
trol signal SL changes to logic "0." Thence-
forth, the contents of Q and R are zero, so 
that the values of the check symbols in the 
Automatic Guidance for Remote Manipulator 
A position sensor and mirror would guide 
the manipulator toward the object. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
A mirror and combination light source 
and detector are part of a proposal for 
sensor-aided remote manipulation. The 
mirror would be mounted on an object to 
be grasped, while the light source and de-
tector would be mounted on the manipula-
tor arm (see figure). The sensor would 
measure the directions of the returning 
light beams. From these measurements, 
the position and orientation of the mirror 
would be determined. 
The mirror would be a composite of a 
corner-cube reflector and plane reflectors. 
The sensor would consist of a lens and a 
detector in a package about 2 cm in diame-
ter and 3 cm long. The detector, a silicon 
photovoltaic cell , would be divided into 
quadrants by etching through the junction 
layer. An output signal would be brought 
out by a lead from each quadrant. The lens 
would focus the incoming light onto a small 
spot on the detector. 
The light source would consist of three 
light-emitting diodes, each pulsed in turn 
so that the origin of the reflected light being 
sensed at a particular instant could be 
identified. The position of the light spot on 
the sensor and therefore the proportions of 
the Signals from the four sensor quadrants 
would thus depend on which light-emitting 
diode is being pulsed and upon the orienta-
tion and position of the mirror. 
spatial coordinates that describe the rela-
tive position and orientation of the mirror. 
In the remote-manipulator application 
End 
Effector of 
Manipulator 
remainder unit are retained. 
The encoder will fit on a Single very-
large-scale negative-channel MOS inte-
grated circuit chip. The circuit includes 
about 3,000 transistors. 
This work was done by Trieu-Kie Truong 
of Ca/tech and L. J. Deutsch and /. S. Reed 
of the University of Southern California for 
NASA's Jet Propulsion Laboratory For 
further information, Circle 8 on the TSP Re-
quest Card. 
NPO-16122 
(see figure), the geometrical relationships 
between the object to be grasped and the 
manipulator must also be known in ad-
Object To 
Be Grasped 
With this pulsating and quadrant-sensing 
scheme, the light source/sensor would 
produce a total of six independent analog 
outputs. From the previously known geo-
metric relationships among the light-
emitting diodes, mirror facets, sensor com-
ponents, and light beams, a microprocessor 
would turn these six outputs into the six 
Grasping Becomes Automatic when the sensor begins to receive a signal from a reflector 
on the object to be manipulated. Light-emitting diodes on the manipulator produce light 
signals for the reflector, which is a composite of plane and corner reflectors. 
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vance and programed into the microproc-
essor. Once having sensed the position 
and orientation of the object, the micro-
processor would move the manipulator to 
the object. The grasping sequence would 
start with the operator moving the manipu-
lator toward the object. When the sensor is 
close enough to receive valid Signals from 
the mirror, it would take over control. The 
sensor output would drive the manipulator 
in such a way that the components of the 
sensor output would approach a null. The 
effector fingers would then be closed auto-
matically, and control would be returned to 
the operator. 
The proposed scheme will be especially 
useful when the manipulator arm tends to 
flex or when the object is moving. The 
sensor and microprocessor can be de-
signed to compensate for manipulator-arm 
oscillation. 
This work was done by Alan R. Johnston 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Orcle 
74 on the TSP Request Card. 
This invention has been patented by 
NASA (U.S. Patent No. 3,888,362). In-
quiries concerning nonexclusive or exclu-
sive license for its commercial develop-
ment should be addressed to the Patent 
Counsel, NASA Resident Office.JPL [see 
page 29). Refer to NPO-13386. 
Testing Electronic Devices for Single-Event Upset 
Techniques for heavy-ion irradiation 
measurements are described. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
A report has been prepared that de-
scribes the equipment and summarizes 
both pretest and onsite procedures for the 
testing of digital electronic devices for sus-
ceptibility to single-event upset. The term 
"single-event upset" denotes a variety of 
temporary or permanent bit flips or latchup 
induced by single particles of ionizing radi-
ation - such as appear in galactic cosmic 
rays or trapped radiation belts around 
some planets. In the tests, operating de-
vices are irradiated with ion beams of 
known kinetic energy and flux density, 
while the devices are monitored for upsets. 
The techniques are applicable to logic and 
memory devices (random-access memo-
ries, microprocessors, and gate arrays, for 
example) that may be vulnerable to this 
type of radiation. 
While natural radioactive sources are of 
some value, cyclotrons and Van de Graaff 
generators offer the advantages of select-
ability of ion species and adjustability of en-
ergy and particle flux. In addition to the de-
vices under test (delidded to permit beam 
penetration), the equipment that must be 
brought to the ion-beam facility includes 
the following: 
• Vacuum chamber; 
• Beam-energy-measuring system; 
• Beam-flux-measuring system; 
• Beam-uniformity-measuring system; 
• Circuit cards to mount the devices under 
test; 
• Electromechanical positioner to move 
the circuit cards and devices; and 
• An electronic testing system to exercise 
the device and record upsets. 
The vacuum chamber is connected to 
the ion accelerator through the port that 
admits the ion beam (see figure) and is 
pumped down to a pressure of 10-5 torr. A 
well-designed chamber should have an ac-
NASA Tech Briefs, Winter 1985 
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Solid·State 
Detector 
Photomultiplier 
Electronics 
A Vacuum Chamber houses the device under test while it is exposed to an ion beam. The 
vacuum chamber and associated equipment must be brought to the ion-beam facility for 
the test. 
cess port for easy removal and insertion of 
the test card, valving to enable fast pump-
down, and a vacuum feedthrough for the 
positioner so that the device can be rptated 
and translated wi1hout breaking vacuum. 
A remote angular-position control func-
tion is important because tilting a device 
with respect to a beam results in a longer 
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-effective ion path through the sensitive vol-
ume of the device under test. Angular data 
can be used to determine whether the 
beam linear energy transfer (LET) is near 
the threshold LET of the device (large in-
crease in the number of upsets with in-
creasing angle) or whether the beam has a 
range that is limited in comparison with the 
device dimensions (large decrease in the 
number of upsets with increasing angle). 
A scintillation foil and photomultiplier de-
tect the passage of individual ions to meas-
ure tre beam flux. A solid-state detector 
behind the device under test measures the 
beam energy. (A radioactive source can be 
slid into and out of place to calibrate this 
detector.) The beam uniformity is meas-
ured by a movable surface-barrier detec-
tor (not shown) mounted above the test 
card. 
The complexity and cost of an ion-beam 
facility require an efficient combination of 
pretest and onsite preparation as well as a 
flexible approach to beam selection based 
Measuring Antenna Signal Delays 
Multipath errors are reduced yielding 
more precise delay measurements. 
on experimental data. In addition, certain 
standards for recording the data are de-
scribed in order to satisfy the needs of 
many different potential users. 
This work was done by Donald K. 
Nichols, William E. Price, and Carl J. 
Malone of Caftech for NASA's Jet Propul-
sion Laboratory. For further information, 
Circle 50 on the TSP Request Card. 
NPO-16468 
~ NASA's Jet Propulsion Laboratory, Pasadena, California 
Signal delays in large dish antennas are 
measured by a method based on a com-
mercial frequency-modulated instrument. 
Measurements are accurate within 3 ns on 
primary path lengths of 60 ns or more. A 
major benefit of the method is that the user 
can distinguish between the delay along 
the primary signal path and the delays 
along the multiple-reflection signal paths 
(multipaths), so that multipath errors can 
be minimized or made insignificant in the 
calibration of antenna delays. Large 
Cassegrain microwave antennas thus cali-
brated can measure the ranges of objects 
very accurately and can be synchronized 
more precisely with other antennas for 
very-long-baseline interferometry. 
Previously, a horn transmitter on an an-
tenna dish generated a signal , and the time 
FO 
Oscillator 
Sawtooth 
Generator 
for the signal to reach the receiving horn at 
the antenna focal point was measured by a 
conventional phase-slope or amplitude-
modulation technique. A major deficiency 
of this method was that the pattern of the 
transmitting horn often had poor directivity 
and large side lobes. The calibration signal 
therefore followed not only a direct path to 
the receiving horn, but also other paths 
because of unintentional illumination of the 
struts and sides of the receiving-horn 
housing. 
In the il"T'proved technique, the instrument 
is a fault locator, a frequency-modulated 
radar system that can be operated at any 
center frequency in the microwave range 
from 1.7 to 12.4 GHz with sweep band-
widths ranging from 40 to 100 MHz. Ordi-
narily, the instrument is used to locate dis-
Transmitting 
Antenna 
Receiving 
Antenna 
+AF 
continuities in microwave transmission 
lines and measure the magnitudes of re-
turn losses as functions of the distances to 
the discontinuities. For the antenna meas-
urements, the instrument was modified to 
operate in a one-way, transmission-only 
mode instead of its normal two-way, radar 
mode. 
The principle of the operation is illus-
trated in Figure 1. The oscillator frequency 
is swept in a sawtooth pattern while the os-
cillator output is fed to a transmitting anten-
na and a receiving mixer. The mixer output 
is fed to a narrow-bandwidth IF amplifier, 
detected, and recorded. Since the fre-
quency of the transmitted Signal varies with 
time, the delay between the transmitted and 
received signals can be determined from 
the frequency differences between them. 
Distance· 
I-+--------------.....,.~Recorder -AF 
f---- T ------l.1 
Gain Controls 
IF Amplifier 
Output 
Recorder 
Output 
-- Transmitted Signal 
-- - Received Signal 
Figure 1. Antenna Delays Are Measured with a modified transmission-line-fault locator in terms of the differences in frequency between 
frequency-modulated transmitted and returned signals. 
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Collins NAVCORE I'" GPS receiver today offers laboratories Coordinated 
Universal Time (UTC) calibration accuracy within 100 nanoseconds. • The 
low-cost NAVCORE I'" GPS receiver is designed to be integrated into a variety of 
time-based systems-making precision equipment calibration much more 
affordable than an expensive cesium clock NAVCORE Ino receiver eliminates the 
need for periodic off-site synchronization or waiting for an outside calibration 
service. • The Collins single-channel NAVCORE 1'" receiver uses the currently 
available Navstar GPS coarse/acquisition (CIA) code to instantly deliver precise 
time and frequency at any site. Today GPS time signals are available from 16-20 
hours daily worldwide. Contact your time-frequency equipment supplier for 
information on how the NAVCORE I'" GPS receiver can fit your specific time or 
frequency needs, or for a list of manufacturers offering NAVCORE Ino receivers 
COLLINSGPS 
Rockwell 
InternaHonal 
... where science gets down to business 
contact Collins Industrial GPS Products, Rockwell International, Cedar Rapids, Aerospace / Electronics / Automotive 
Iowa 52498, U.S.A. (319) 395-3234, Thlex 464-421. General lndustries / A·B Industrial Automation 
Circle Reader Action No. 354 
Fiberite introduces the 
first Composite Materials 
An Encyclopedia of Com-
posite Materials As a 
designer of specialized prod-
ucts, you are only too aware of 
how difficult it is to find com-
parative data on various 
structural systems. This is 
especially true in the case of 
advanced composite materials 
information. 
In response to this need, 
Fiberite has gathered all avail-
able data on our most widely 
used prepreg systems and 
arranged it in an easy-to-use 
tabular format. The resulting 
Fiberite Composite Materials 
Selection Handbook has 
become the most unique refer-
ence tool available to engi-
neers seeking comparative 
data on advanced composite 
prep reg systems. 
Fiberite's put it all together 
We've arranged data under 
three basic product cate-
gories - "250°F Systems", 
350°F Systems" and 
"High Heat Systems". 
Each category contains 
basic information on a 
range of resin/fabric com-
binations. You can make 
side-by-side comparisons 
of the physical charac-
teristics of each system in any 
product category. Specific 
information on rheology, cur-
ing procedures and other 
properties for any system you 
select is available on request 
from Fiberite. 
industtys 
Selection Handbook. 
Sporting goods applications 
Fiberite composite materials are 
tough, lightweight, non-corroding 
and dimensionally stable basic 
materials for high volume 
production. 
o Tennis, squash and racquetball 
rackets 
o Golf club shafts 
o Fishing rods 
o Skis and sid poles 
o Vaulting poles and javelins 
o Boats, masts and booms 
Aerospace applications are 
made to order for Fiberite com-
posite materials. Light, yet strong. 
components offer low thermal 
coefficients of expansion to cope 
with the temperature extremes 
encountered in orbit. 
o Antennas and satellite 
platforms 
o EMI shielding 
o Telescopes 
o Meteorite shrouds and primary 
structures 
o Cargo bay doors and maniP/ 
ulator arms 
/ 
Fiberite materials for heli· 
copter applications - Glass, 
aramids and graphite provide 
high strength-to-weight ratios, 
excellent fatigue resistance and 
damage tolerance for such com-
ponents as: 
o Blades and rotor hubs 
o Fuselage 
o Main blade spar 
o Ducting 
o Interior panels and flooring 
o Sponsons 
Think of Fiberite before your 
'--_ ... design goes on the board 
Bockets and missiles Fiberite The earlier you involve our peo-
composite and ablative materials pIe in the design process, the 
have dimensional stability, radar sooner we'll be able to formulate 
transparency and an ability to a composite system that helps 
stand up to hostile environments. you meet the challenges of tomor-
o Radomes and nose cones row's technology - CAD/CAM 
o Exit cones and nozzles capabilities, automated fabrica-
o Carbon/carbon leading edges fion, higher temperature service. 
o Fins and rocket bodies 
o Rocket and satellite motor cases For more information, return 
o Insulators, closures and igniters this coupon or can 507/454.3611. 
----------------------------D Yes, I would like a copy of your new Materials Selection Handbook. 
I would also like more information on advanced composite 
materials for use in the following areas: 
Name ______________________ __ 
Title ____________________ _ 
Firm ___________________ _ 
Address _________________ _ 
City ____________________ _ 
State _____ -'-'Zip _________ _ 
Telephone __ _ 
Application _________ _ 
o Commercial Aircraft 
o Military Aircraft 
o Helicopters 
o Satellites/Space 
Vehicles 
o Missiles/R.ockets 
o Recreational 
o ToolR.ite® Tooling 
Materials Systems 
Ollier ________________________ __ 
Moil to: Michael A. Edwards. Fiberite 
501 West 3rd Street. Winona. MN 55987 
FIBERlTE® 
==========~ANICICOMPANY 
----------------------------
Circle Reader Action No. 307 
The delays can also be determined by 
varying the modulation rate (UFrr in Rg-
ure 1) by the correct (known) amount such 
that the frequency difference remains 
constant. 
The primary and multipath delays are 
determined by first recording the ampli-
tude versus distance in the automatic plot-
ting mode. Then the distance dial is ad-
justed manually to move the recorder pen 
to the positions of peak response on the re-
cording and noting the corresponding dis-
tance readings on the instrument. The dis-
tance values are then converted to time 
delays. The largest amplitude occurs at the 
primary delay, while multipath reflections 
give smaller Signal peaks at longer delays. 
The modified fault locator is placed in-
side the antenna feed cone, close to the 
base of the antenna receiving horn. A 
1.8-m cable connects the receiver output 
to the fault locator. Another cable connects 
the fault-locator output to the fault-locator 
transmitting horn at a place on the dish 
where a delay measurement is to be taken 
(see Figure 2). Amplifiers along this cable 
compensate for the airpath loss between 
the transmitting and receiving horns. In this 
configuration, the measured delay in-
cludes the internal delays of the fault 
locator. The fault-locator internal delay is 
measured separately with the cables dis-
connected from the transmitting and re-
ceiving horns and connected to each other 
through an attenuator. The internal delay 
thus measured is subtracted from the 
other measurements to obtain the antenna 
delays. 
This work was done by Tommy Y Otoshi 
and A. Ray Howland of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 7 on the TSP Re-
quest Card. 
NPO-15947 
Subreflector 
Undesired 
Multiple- ~ 
Reflection ~ I ' 
Path '1 \ 
/ \ 
~ 
/ \ 
/ \ 
/ \ 
\ 
\ \ \ 
\ ~ 
Antenna-
Dish 
Surface 
-40 
25 
, 
\ / ~ 
-~ 
- - Transmission 
Line 
(Length = 30 m) 
TEST SETUP 
Low-Noise 
Amplifier 
Primary Signal Path 
Multipath-Signal 
Peaks 
\ 
\ 
. 
B 
Antenna-System 
Feed Horn 
Modified 
Fault 
Locator 
Curves Obtained 
,..... ,jr---;;:;:::::::..i-Wlth Three Different 
Subreflector Positions 
- 60 4JJ,....L_L.L---1._..L-_L....I---'-W c..L_.l....-.......J 
o 100 200 300 400 500 
Absolute Path Length, ft (m) 
Figure 2. The Modified Fault Locator is 
placed on the antenna to measure the delay SAMPLE OF RECORDER OUTPUT 
in the travel of the primary signal to the 
receiving horn through the reflector system of the antenna. It also measures the delays of undesired multi path signals that traverse 
the main signal path more than once or are reflected by structural parts. The recorder prints a plot of the signal response in which the 
multipath signals are readily distinguishable from the primary one. The plot shown here is for an antenna dish 64 m in diameter. 
Multiplier Architecture for Coding Circuits 
Finite-field arithmetic is 
performed in compact equipment. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
Multipliers based on a new algorithm for 
Galois-field (GF) arithmetic are regular and 
expandable. Pipeline structures are used 
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for computing both multiplications and in-
verses. The designs are suitable for imple-
mentation in very-large-scale integrated 
(VLSI) circuits. 
To simplify the arithmetic operations 
and the circuitry, the algorithm exploits the 
NASA Tech Briefs, Winter 1985 
polynomial. peculiar cyclic and modulo properties of 
arithmetic in the finite field GF(2fTl), where 
m is an integer. Three particularly useful 
properties are: 
• For any two elements x and y in GF(2rTl), 
(x + y)2 = x2 + y2; 
The field is represented by a normal 
basis, which is a set of elements {a, a2, 
a4 . . a2lTl-lj with a chosen so that any ele-
ment (3 can be expressed by 
where the bk are binary digits , and 
modu10-2 addition is used. In this represen-
tation, the squaring of an element is ac-
complished by a simple cyclic shift of its 
binary digits. For any product digit, multipli-
cation requires the same logic circuitry as 
for any other product digit. Adjacent 
product-digit circuits differ only in their in-
puts, which are cyclically shifted versions 
of each other. 
• For any such element x, x2"1 = x; and m-1 
(3 = L bkc? 
k=O 
• If a is a root of any irreducible polynomial 
of d~ree mover GF(2m), then {a, a2, a4, 
... a2lll "l j are in GF(2m) and constitute a 
complete set of the roots of the As a consequence of the property x2"1 
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These Pipeline Multiplying and Inverting Systems can be implemented in VLSI. The multi-
plier (top left) exploits the special properties of normal-representation GF(2"') arithmetic. 
The inverting algorithm (top right) involves a series of multiplications. A pipeline inverter 
is shown at the bottom. 
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= x, the inverse element )(1 is easily fqU~ 
to be x<;tn-2) = x2 . X22 . x~ ... xz,m. . 
Since squaring is done by a cyclic shift, the 
inverse of x is calculated by a sequence of 
cyclic shifts and multiplications using a re-
cursive algorithm: 
1. Obtain the cyclic shift (CS) of x; that is, 
x2 = CS(x); let 8 = CS(x), C = 1, and 
k = 0; 
2. Obtain the product D =, 8· C and set 
k(new) = k + 1; 
3. If k = m - 1, then stop because D = 
a-1; if k < m - 1 , let 8(new) = CS(8) and 
let C(new) = D; and 
4. Return to step 2. 
The figure illustrates the inverting algo-
rithm and pipeline structures that calculate 
products and inverses. VLSI layouts have 
been done for multiplying and inverting cir-
cuits for GF(24). This general type of in-
verter and multiplier architecture should 
be especially useful in performing the 
finite-field arithmetic of Reed-Solomon 
error-correcting codes and of some cryp-
tographic algorithms. 
This work was done by Charles C. Wang, 
Trieu-Kie Truong, Howard M. Shao, and 
Leslie J. Deutsch of Caltech for NASA's 
Jet Propulsion Laboratory. For further 
information, Orcle 97 on the TSP Request 
Card. 
NPO-16363 
Improved Electronic Control for Electrostatic Precipitators 
The refuse-burner precipitator 
voltage is optimized. 
Langley Research Center, Hampton, Virginia 
A new microprocessor-based elec-
tronic control for electrostatic precipitators 
is in use at the Hampton/NASA/USAF 
Refuse-Fired Steam Generating Facility. 
The precipitators' control pollution at this 
refuse-burning. facility. The control solves 
the unique problems encountered with the 
precipitators in this application. 
The electrostatic precipitators remove 
the particulate matter from the smoke cre-
ated by the burning refuse. 'ihe smoke is 
exposed to an electrostatic field, and the 
particles become electrically charged and 
migrate to the electricall} charged collect-
ing surfaces. 
To maximize particle collection, a pre-
cipitator should be operated at the highest 
practical field potential to increase both the 
particle charge and the electrostatic col-
lection field. However, the maximum field 
potential at which the precipitator can 0p-
erate is limited by sparking and arcing 
(electrical breakdown), which, if not con-
trolled, can damage the precipitator and 
control system. 
When the same type of fuel is burned 
continuously and the combustion is held 
relatively constant, the smoke is of a con-
stant composition, and the magnitude of 
the electrostatic field for maximum particu-
late collection can be fairly constant. How-
ever, when refuse is burned or there are 
changes in the combustion, the composi-
tion of the smoke changes, requiring corre-
sponding changes in the magnitude of the 
electrostatic field. Therefore, the point of 
maximum particulate collection cannot be 
held constant and an electronic control 
that can adjust rapidly to varying fuel and 
combustion is necessary to maintain pre-
cipitator efficiency. 
The new microprocessor-base<j elec-
tronic control maintains the precipitator 
power at the maximum particulate-collection 
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level. The control automatically senses 
changes in the smoke composition due to 
variations in fuel or combustion and ad-
justs the precipitator voltage and current 
accordingly. Also, sensitive yet stable fault 
detection is provided. 
A constant spark rate and setback are 
selected by the operator. Thereafter, the 
precipitator operation is fully automatic, re-
quiring no further operator input. 
Power is applied to the electrostatic pre-
Cipitator in a series of ramps. At startup, the 
power level is increased aJ a fixed rate until 
the occurrence of the first spark or electri-
cal breakdown in the gas stream. At this 
point, the control removes all power from 
the precipitator for a timed interval to allow 
the spark to extinguish. 
Power is then reapplied over a timed in-
terval at a rate called "fast ramp." The fast 
ramp quickly brings the power level back to 
a setback point that is proportionally lower 
than the spark level. The setback point and 
rate of rise of the fast ramp are calculated 
by the control from the varying spark level 
and the amount of setback desired (opera-
tor control). 
Power is then increased at a rate called 
"slow ramp." The slow ramp searches for 
the new spark level. The rate of rise of the 
slow ramp is calculated by the control from 
the spark level and the number of sparks 
per minute desired (operator control). This 
sequence continues unless the spark level 
exceeds the current limit. Once the current 
limit is reached, the slow ramp stops climb-
ing. Once another spark occurs, the ramp 
sequence is repeated. If the spark level is 
below the current limit, the number of 
sparks per minute will be the value se-
lected independent of variations in fuel or 
combustion. This results in the maximum 
particulate collection possible for a given 
precipitator. 
For precipitator/control protection, the 
primary ac current and voltage are sensed 
by the control , and the root mean square 
(rms) value of each is derived. This ar-
rangement is used because each of these 
waveforms contains switching transients 
and.spikes due to the switching action of 
the power silicon-controlled rectifiers and 
the dynamic impedance characteristics of 
the precipitator and its transformer/recti-
fier. The rms values of primary current and 
voltage are then compared; if an imbal-
ance is found between them, a faulty con-
dition is declared, and line power is re-
moved from the precipitator. 
Although the new microprocessor -based 
electronic control solves the problems en-
countered with electrostatic precipitators 
in refuse-burning applications, its features 
are applicable to any precipitator used with 
any fuel. True malfunctions are detected, 
yet the control does not needlessly shut 
down the operation. All calibration adjust-
ments can be preset before installation, 
and no normal maintenance or field cali-
bration is required. Major modifications of 
control parameters can be accomplished 
by reprograming a plug-in electrically pro-
gramable read-only memory. The control 
can be applied in new facilities or in pres-
ent precipitators as a retrofit package and 
can be tailored to any electrostatic-precipi-
tator application. 
This work was done by David F. 
Johnston of Langley Research Center. 
For further information, Circle 52 on the 
TSP Request Card. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Lang/ey 
Research Center [see page 29]. Refer to 
LAR-13273. 
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Picture-Element Comparator 
A logic circuit identifies image features 
by comparing pixel data. 
NASA 's Jet Propulsion Laboratory, Pasadena, California 
Bit·Wlse 
Logical 
OR 
12 Bits 
A proposed circuit, called a "neighbor-
hood comparison operator," would com-
pare data from neighboring picture ele-
ments (pixels) to find peaks, ridges, and val-
leys in the picture data. The circuit would 
also be able to expand or shrink pixel re-
gions. The circuit concept was developed 
for the image-processing computer de-
scribed in the preceding articles. The cir-
cuit handles a data stream of 12-bit pixels 
rather than the conventional 8 or 16 bits. 
The circuit would consist entirely of stand· 
ard logic chips. 
Eight 
12-81t 
Pixels Nine 9 Bits Table 
Comparators ~=+f Lookup 
2 Bits 
12-81t 
Output 
The circuit (see figure) stores two con-
secutive scan lines in line buffers. It per-
forms a raster-to-window conversion with 
nine latches, thereby producing the nine 
pixel values of a 3-by-3-pixel window. The 
center pixel is compared with a program-
able constant·threshold value, and its eight 
neighbors are compared with the center 
pixel or with the threshold. The outputs 
from the comparators form a representa-
tion of the greater-than, equal-to, or less-
than relationships of the pixels in a 9-bit num-
ber. Two bits are appended to this value to 
indicate whether the center pixel number 
along its scan line is odd or even and 
whether the number of the scan line for that 
pixel is odd or evert The resutting 11-bit num-
ber is used to address a 2K-by-14-bit mem-
ory that has been programed to produce 
two numbers in response to the input; an 
arbitrary 12-bit number from the memory 
table and a 2-bit number that. depending 
(>, = , <) (11 Bits In, 12 Bits 
14 Bits Out) ~==--+f Selector 
Fixed 
Threshold 
2-Bit Odd/Even 
Information 
From Pixel 
and Line Clock 
Center 
Pixel 
The Neighborhood Comparison Circuit examines relationships between adjacent pixels. 
From data in a lookup table, it produces a 12-bit number representing the relationship and 
thereby can identify ridges, peaks, and valleys. 
on the input number, directs the selector to 
choose as its 12-bit output the number 
from the table, the center pixel value, or a 
bit -wise logical OR derived from the eight 
neighbors of the center pixel. 
When two's-complement representa-
tion is used and signed data are compared, 
the most significant bit (the sign bit) is first 
inverted. This procedure makes positive 
numbers (for which the sign bit is zero) 
compare as greater than negative num-
bers (for which the sign bit is 1). 
Information about the oddness or even-
ness of the pixel position is included in the 
lookup table input so that subfields can be 
implemented. The two odd-or-even bits al-
low four subfields to be defined, with differ-
ent operations for each. This ensures that 
a line expressed as binary data is not lost if 
it is thinned to the width of a single pixel. 
This work was done by Donald B. 
Gennery of Caitech for NASA's Jet Pro-
pulsion Laboratory. For further informa-
tion, Orcle 78 on the TSP Request Card. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA Resi-
dent Office-JPL [see page 29]. Refer to 
NPO-16464. 
Programable Pipelined-Image Processor 
Two-dimensional data would be 
processed via a pipelined approach. 
NASA 's Jet Propulsion Laboratory, Pasadena, California 
A proposed computer would serve as a 
pipelined processor for imagery or other 
two-dimensional digital data. The proces-
sor would do feature extraction, smooth-
ing, edge detection, texture measurement, 
and stereoscopic area correlation. It would 
also plan routes for obstacle avoidance by 
robots and would solve two-dimensional 
partial differential equations. 
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Parallel proceSSing would be used to 
achieve the necessary speed for process-
ing image data. In contrast with general-
purpose computers, no time would be 
spent to repeatedly decode instructions 
during processing because the same oper-
ations would be performed repeatedly on 
the image data. 
In the pipelined-image approach, the 
system performs more than one arithmetic 
operation at a time on each picture ele-
ment. Some operations are also per-
formed simultaneously on corresponding 
elements in parallel data paths. The data 
would pass through the pipeline processor 
at the video-scanning rate On most cases). 
The processor consists of identical pro-
gramable computing modules (see figure, 
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left) interconnected in a two-dimensional 
programable arrangement. Each module, 
typically occupying one circuit card, con-
tains binary arithmetic operators that use 
lookup tables. The module also includes 
convolvers and neighborhood comparison 
operators that perform such operations as 
finding local extrema, zero crossings, and 
directional extrema. 
The processor receives image data as 
they emerge from external buffers or, more 
directly, from television cameras through 
analog-to-digital converters. The results of 
the computations are fed into the same or 
other image buffers. The delays caused by 
precessing are taken into account by the 
circuit that reloads the buffers. 
A flexible scheme is used to direct the 
flow of data to subsequent stages of the 
pipeline. For example, if a stage consists of 
a column of synchronized modules, the in-
terconnection network enables the output 
~ of a module in a given row and column to 
.... be sent to any or all of a designated set of 
~ rows in the next column (see figure, right). 
The concept has been worked out for an 
initial version of the processor, which is ex-
pected to process imagery of about 2,OOJ pic-
ture elements per line at 8 x 106 picture 
elements per second using 12-bit arithme-
tic. The processor would be programed by 
a commercial host computer through a 
direct-memory-access (OMA) interface. 
Each binary function (which uses a 
quarter-megabyte lookup table) should be 
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The Image Processor would consist of modular units (left), each of which includes a set of 
computing elements of the types that are particularly useful in pipelined-image process-
ing. A flexible interconnection scheme (right) would be used to route data to subsequent 
stages of the pipeline . 
programable in about 200 ms; all modules 
to be loaded with the same function would 
be programed in two 64K, 16-bit OMA 
transfers. The lookup table for each neigh-
borhood comparison operator would be 
similarly programed in a 2K OMA transfer. 
The convolution weights, input selection, 
and other programing data would be in-
serted in an 80-word OMA burst for each 
module needing reprograming. 
This work was done by Donald B. 
Gennery and Brian Wilcox of Caltech for 
NASA's Jet Propulsion laboratory. For 
further information, Circle 77 on the TSP 
Request Card. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA Resi-
dent Office-JPL [see page 29]. Refer to 
NPO-16463. 
Function Generator for Image Processor 
A custom-designed processing chip and commercial 
memory chips yield detailed data. 
NASA's Jet Propulsion Laboratory, 
Pasadena, California 
A proposed binary-function generator 
would obtain data from lookup tables and 
linearly interpolate values from the data. 
The function generator would use com-
mercial memory chips for the lookup 
tables and a custom-deSigned chip for in-
terpolation. The concept was developed 
for the programable image-feature extrac-
tor described in the preceding article. 
The eight most Significant bits of two 
12-bit input-function arguments, A and B, 
are used to address the 64K-by-32-bit lookup 
table (see figure). The four least significant 
bits in the input are directed to separate 
mJltipliers and used to interr:x:Jiate between the 
~-tabIe values. Twelve of the 32 tabIe-
output bits represent the value of the func-
tion at each of the 64K values stored in the 
table. The remaining 20 bits represent the 
interpolation slopes for arguments A and B. 
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The Basic Elements of the Function Generator are memory chips and an interJjolator 
chip, which incorporates multipliers and adders. The memory includes CMOS static 
random-access devices. The 120 ns cycle time of these devices allows real-time process-
Ing of image data. 
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The interpolator multiplies each slope by 
the four least significant bits of the appro-
priate function argument and adds the two 
products. It discards the four least signifi-
cant bits of the product sum and adds the 
remaining bits to the 12-bit function value 
looked up in the table to produce the final 
interpolated output. 
A 32-bit-wide table was chosen because 
it accommodates the 12-bit word length of 
the system and still allows sufficient bits to 
describe the slopes over a wide range. The 
slopes can take positive or negative values 
from as low as 1/16 to as high as 32. 
This work was done by Donald B. 
Gennery and Brian Wilcox of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Orcle 75 on the TSP 
Request Card. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA Resi-
dent Office-JPL [see page 29]. Refer to 
NPO-16461. 
Computer 
Programs 
These programs may be obtained 
at a very reasonable cost from 
COSMIC, a facility sponsored by 
NASA to make raw programs avail-
able to the public. For information 
on program price, size, and avail-
ability, circle the reference number 
on the TSP and COSMIC Request 
Card in th is issue. 
Design of Linear Quadratic 
Regulators and Kalman 
Filters 
An interactive program 
includes over 60 predefined 
functions for system control, 
estimation, and response. 
AESOP solves problems associated 
with the design of controls and state esti-
mators for linear time-invariant systems. 
The systems considered are modeled in 
state-variable form by a set of linear differ-
ential and algebraic equations with con-
stant coefficients. Two key problems 
solved by AESOP are the linear quadratic 
regulator (LOR) design problem and the 
steady-state Kalman filter design problem. 
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AESOP is interactive. The user can 
solve design problems and analyze the s0-
lutions in a single interactive session. Both 
numerical and graphical information are 
available to the user during the session. 
The AESOP program is structured 
around a list of predefined functions. Each 
function performs a single computation as-
sociated with control, estimation, or sys-
tem response determination. AESOP con-
tains over 60 functions and permits the 
easy inclusion of user-defined functions. 
The user obtains access to these functions 
either by inserting a list of desired functions 
in the order they are to be performed or by 
specifying a single function to be per-
formed. The latter case is used when the 
choice of function and function order de-
pends on the results of previous functions. 
The available AESOP functions are di-
vided into several general areas including 
(1) program control , (2) matrix input and re-
vision, (3) matrix formation, (4) open-loop 
system analysis, (5) frequency response, 
(6) transient response, (7) transient func-
tion zeros, (8) LOR and Kalman filter de-
sign, (9) eigenvalues and eigenvectors, (10) 
covariances, and (11) user-defined func-
tions. The most important functions are 
those that design linear quadratic regula-
tors and Kalman filters. The user interacts 
with AESOP when using these functions by 
inputting design weighting parameters and 
by viewing displays of designed system re-
sponse. Support functions obtain system 
transient and frequency responses, trans-
fer functions, and covariance matrices. 
AESOP can also provide the user with 
open-loop system information including 
stability, controllability, and observability. 
The AESOP program is written in FOR-
TRAN IV for interactive execution and has 
been implemented on an IBM 3033 com-
puter using TSS 370. As currently config-
ured, AESOP has a central-memory re-
quirement of approximately 2M 8-bit bytes. 
Memory requirements can be reduced by 
redimensioning arrays in the AESOP pro-
gram. Graphical output requires adapta-
tion of the AESOP plot routines to whatever 
device is available. The AESOP program 
was developed in 1984. 
This program was written by Bruce 
Lehtinen and Lucille Geyser of Lewis Re-
search Center. For further inl,,,,.,.,.,,fir,n 
Orcle 37 on the TSP Request Card. 
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How 
wiIlour 
• expenence 
benefit 
you? 
The people of the ITI Electro-Optical 
Products Division, Fort Wayne operation, 
offer you a strong ally: experience. 
Our people provide you with proven 
product development experience in such 
demanding applications as space explora-
tion and high-tech research. You can rely 
on our knowledge for custom designed photo-
sensitive devices to meet your particular needs . 
From one device, to several thousand, you are provided with high~ity 
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Ask for our catalog of Special Purpose Photosensitive devices. Put our proven 
experience to work for you . 
Contact ITI Electro-Optical Products Division • P.O. Box 3700 • Fort Wayne, 
IN 46801 . (219) 423-4341 . 1WX: 810-332-1413 • Telex; 232-429. 
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Plotting Lightning-Stroke Data 
Density contours yield more meaningful 
information than point plots. 
Marshall Space Flight Center, Alabama 
Data on lightning-stroke locations be-
come easier to correlate with cloud-cover 
maps with the aid of a new graphical treat-
ment. In the past, lightning-stroke sites 
have been plotted individually on a conven-
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Plotted as Individual Points (top), data on lightning strokes are difficult to interpret be-
cause of overlap. Plotted as stroke-density contours (bottom), however, the data can be 
more readily comprehended. The plots show data from the 15-minute interval of 20:15 to 
20:30 during the night of May 27, 1984. 
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ERIM REPORT #2 
The Science Of Optics: Phase Retrieval 
Phase retrieval research at ERIM 
is opening up the possibility of 
diffraction-limited imaging 
despite the effects of 
atmospheric turbulence or other 
imaging system phase errors. 
Phase Retrieval for 
Astronomy 
Phase aberrations due to 
atmospheric turbulence severely 
limit the resolution of images 
obtained from large, earth-bound 
optical telescopes. One partial 
solution is the use of an inter-
ferometric sensor, such as 
Labeyrie 's astronomical speckle 
interferometry, which measures 
the modulus (magnitude) of the 
Fourier transform of the object. 
Unfortunately, this technique 
loses the Fourier phase 
information , thus making it 
impossible to compute an image 
from the seemingly incomplete 
information. 
To solve this problem, ERIM 
researchers developed phase 
retrieval algorithms which 
iteratively find a Fourier phase 
and consequently reconstruct an 
image that is consistent both 
with the measured Fourier 
modulus and the physical 
constraint that the image be 
nonnegative. By this method 
much sharper pictures can be 
obtained than was previously 
possible. 
Other Applications 
Phase retrieval algorithms are 
also being used at ERIM to solve 
other problems, including 
sensing wavefronts for laser 
applications, producing 
diffraction-limited images from 
imperfect optical systems, and, 
with coherent light, possibly 
even producing images using no 
lenses at all. 
Research in phase retrieval 
includes analytical study of the 
uniqueness of the solution, 
analyses of the sensitivity of 
image quality to noise, 
improvement of the convergence 
and robustness of reconstruc-
tion algorithms, and optical 
laboratory experiments for 
further proof of concept. 
ERIM is a leader in advancing the 
state of the art in a number of 
areas in optics. Phase retrieval is 
one example. Others include 3-
dimensional imaging sensors, 
optical computing, diffractive 
optics, and holography. 
The Environmental Research 
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Institute of Michigan (ERIM) is a 
non-profit scientific research 
institute that performs contract 
research services for a variety of 
sponsor!:>. Our sponsors include 
government organizations, 
industry, and universities. 
Research at ERIM focuses upon 
remote sensing systems, 
devices, and techniques that 
span the electromagnetic 
spectrum. Within this broad 
research area, staff members 
employ their knowledge of 
modern electronics, optics, 
computer science, and infrared 
and microwave physics. All of 
the work is directed toward one 
end: to solve problems for 
sponsors, whether those 
problems are concerned with 
defense, outer space, or the 
factory floor. 
Career Opportunities 
ERIM's Infrared & Optics and 
Radar divisions have research 
and management positions 
available in Ann Arbor. MI. 
Washington. DC, and Los 
Angeles. CA . Positions are 
available at several levels in the 
following areas : 
• E-O/IR System Design and 
Analysis 
• Infrared Phenomenology 
• Computer Vision 
• Optical Computer Systems 
• Phase Retrieval/Signal 
Reconstruction 
• Radar System Engineering 
and Analysis 
• Signal and Image Processing 
• Microwave Scattering and 
Measurement Engineering 
• Diffractive Optics 
All positions require a BS. MS. or 
PhD in engineering. physics. 
mathematics. or statistics. along 
with appropriate work exper-
ience . Salary and benefits are 
highly competitive . 
For details . telephone (313) 
994- 1200. ext. 260. Or send your 
resume to Personnel Admin-
istrator. Dept. lEO. ERIM. P.O . 
Box 8618. Ann Arbor. M148107. 
U 5 Clfizenshlp reqUired 
Equal opportun,Iy employer 
ters for the same region. 
Wrth the new treatment, the geographic 
region is divided by a grid into an array of 
cells. The number of lightning strokes in 
each cell is tabulated, and a value repre-
senting the density of lightning strokes is 
assigned to each cell. With a contour-
plotting routine, a computer draws con-
tours of lightning-stroke density for the re-
gion (see bottom of figure). The shapes of 
the contours can then be compared direct-
ly with the shapes of the storm cells. 
This 'NOrk was done by Frank B. Tatom 
and Robert A. Garst of Marshall Space 
Aight Center. No further documentation 
is available. 
MFS-26019 
Nebulization Reflux Concentrator 
Trace substances are removed 
from an atmosphere for analysis. 
Langley Research Center, Hampton, Virginia 
The nebulization reflux concentrator ex-
tracts and concentrates trace quantities of 
water-soluble gases for subsequent chem-
ical analysis. k, shown in the figure, the 
gas containing the soluble trace constitu-
ent(s) is blown through jet 1. Projecting into 
the outlet of this jet is the end of another 
tube, jet 2, which dips below the surface of 
a scrubbing liquid in a small reservoir. The 
velocity of the gas flowing past the end of 
jet 2 creates a partial vacuum that draws 
scrubbing liquid up the tube. When this liq-
uid spills out into the gas stream, it is atom-
ized or broken up into very small droplets. 
The fine spray formed by these droplets 
fills the chamber of the device, where inti-
mate contact is made between the drop-
lets and gaseous molecules. 
For soluble gases, phase transfer oc-
curs. The gaseous molecules of highly sol-
uble constituents are collected in the drop-
lets. The droplets of liquid impinge against 
a porous hydrophobic membrane, which is 
supported by a conical screen, where they 
coalesce into drops large enough to roll off 
the apex of the cone and return to the 
scrUbbing-liquid reservoir. Although the hy-
drophobic membrane virtually blocks all 
transport of droplets, it offers little resis-
tance to gas flow; hence, the device per-
mits relatively large volumes of gas to be 
scrubbed efficiently with very small vol-
umes of liquid. This means that analyzable 
quantities of contaminants can be concen-
trated" in extracting solutions in much 
shorter times than with conventional 
techniques. 
The hydrophobic membrane was made 
by shaping a commercially available poly-
tetrafluoroethylene filter having a 1-I-lm-
diameter pore size around a wire screen 
cone, which is used for structural support. 
The shaped filter efficiently passes the 
vapor phase while almost completely re-
pelling aqueous droplets. The droplets are 
subsequently dropped into the scrubbing-
liquid reservoir to be recycled. The solution 
is then removed for chemical analysis. 
Water loss through the system can be 
82 
Air 
Pump 
Sample - ... £:==:::;'1 
Air In 
Scrubbing-
Liquid 
Reservoir 
IcelWater 
8ath 
The Hydrophobic Membrane and Nebulizing Nozzles (Jets 1 and 2) fo rm a scru bber for re-
moving trace quantities of soluble gases or other contaminants from an atmosphere. 
completely accounted for as vapor loss. 
Test data comparing the efficiency of 
the concentrator with that of a conven-
tional laboratory bubbler showed that the 
nebulization reflux concentration tech-
nique compared favorably to the bubbler 
for rapid extraction and preconcentration 
of gaseous hydrogen chloride and 
ammonia. 
This work was done by Wesley R. 
Cofer III of Langley Research Center 
and Vernon G. Collins of the College of 
William and Mary. For further information, 
Circle 39 on the TSP Request Card. 
This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive li-
cense for its commercial development 
should be addressed to the Patent Coun-
sel, Langley Research Center [see page 
29]. Refer to LAR-13254. 
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Tracking System for Infrared Spectrometer 
Laser beams are returned from a moving reflector. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
A visible laser tracking system for an in· 
frared laser spectrometer keeps the probe 
infrared laser beam aimed at a moving re-
flector, thereby keeping the reflector image 
and the return laser beam within the spec· 
trometer field of view. The system includes 
a tracking mirror that is tilted by stepping 
motors under microprocessor control to 
deflect the beams toward the continually 
changing reflector position. 
The tracking system is part of a balloon-
borne infrared laser spectrometer that 
measures the composition of the upper at-
mosphere at altitudes of about 25 to 40 km. 
To reduce the effects of outgassing from 
the balloon and gondola, the spectrometer 
measures infrared absorption over a path 
to and from a reflector hanging as much as 
SOO m below the gondola. Most of this 
1,OOO-m path is far enough away that the 
effects of outgassing from objects adja-
cent to the instrument are negligible. 
The suspended reflector swings like a 
pendulum below the instrument gondola. 
The tracking system, mounted in the gon-
dola, uses a visible light beam from a heli-
um/neon laser, distinct from the spectrom-
eter beam from an infrared laser. The 
beam is directed to the reflector by mirrors 
and lenses (see figure) and broadens to a 
spot of 2 m diameter at the distance of 500 m. 
The reflector diameter is 14 cm. The axis of 
the spectrometer beam is maintained in a 
fixed orientation relative to that of the track-
ing beam. The tracking beam returned by 
the reflector to the gondola is projected on 
an array of light sensors in a television 
camera, and the camera output is fed to 
the microprocessor and controller. 
In the first stage of tracking, the con-
troller, under direction of the microproc-
essor, moves the tracking mirror so that 
the visible laser beam traces a spiral pat-
tern at the reflector distance. As soon as 
the spiral scan picks up a glint from the re-
flected, visible tracking beam, the micro-
processor moves the tracking mirror to 
position the glint at the center of a 32-by-
32-picture-element central section of the 
64,OOO-element camera array. 
Every 0.05 s, the microprocessor up-
dates the position of the glint with respect 
to the center of the array and computes a 
new scanning velocity that will move the 
tracking mirror in synchronism with any 
motion of the reflector. When tracking is 
fully maintained, the microprocessor turns 
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A Motor-Driven Tracking Mirror directs the visible tracking beam and the infrared spec-
trometer beam toward the reflector. Under microprocessor control, the tracking mirror 
keeps the beams aimed at the retroreflector. 
to a fine-search algorithm. which moves 
the tracking mirror so that it samples differ-
ent parts of the reflected tracking beam. At 
the same time, the microprocessor moni-
tors the infrared beam reflected to the 
spectrometer receMng telescope. When 
the returned infrared power reaches a 
maximum, the system locks on the corre-
sponding visible position for tracking. The 
fine-search algorithm allows for offset -
either intentional or accidental - between 
the axes of the tracking beam and the 
spectrometer beam. 
This work was done by Robert A. 
Johnson, Christopher R. Webster, Robert T. 
Menzies, Guy B. Morrison, and James H. 
Riccio of Caitech for NASA's Jet Propul· 
sion Laboratory. For further information, 
Circle 33 on the TSP Request Card. 
NPO-16440 
83 
I) 
Determining the Temperature Profile in a Cylindrical Sample 
A power-series solution extrapolates 
from an axial temperature profile. 
Marshall Space Flight Center, Alabama 
The thermal profile in a homogeneous 
axisymmetric body can be determined 
throughout the body if the axial tempera· 
ture profile is known at any radius. Previously, 
it was necessary to i<n<JN the surface tem-
perature profile to make such calculations. 
The new theory was developed as an 
aid in research on the growth of mercury 
cadmium telluride for infrared detectors. In 
particular, it is applicable to Bridgman-
Stockbarger growth, in which a round cyl-
indrical ampoule of the molten ternary 
semiconductor is solidified directionally, 
from one end to the other. 
Simplifying assumptions are made for 
purposes of developing the mathematical 
solution: The cylinder is treated as being in-
finitely long, with constant thermal conduc-
tivity and specific heat, and without internal 
heat sources or sinks. In the steady state, 
the temperature field satisfies Laplace's 
equation. 
The temperature is assumed to be ex-
pressible as a dual power series. USing the 
customary solution technique, the power-
series coefficients are related to each 
uther by recursion relations derived by in-
serting the power series into Laplace's 
equation. 
If the temperature T(b,z) is known as a _ 
function of axial position z along a line of 
constant radius r = b, this temperature 
profile can be used to determine some of 
the coefficients. The remaining coeffi-
cients are then determined from the recur-
sion relations, thereby enabling the subse-
quent calculation of temperature T(r,z) at 
any position in the rod. For example, the 
temperature T(O,z) could be measured 
along the axis and the coefficients thereby 
obtained used to calculate T(r,z). 
To test the theory, temperature meas-
urements were taken along an axial hole in 
an alumina rod. The rod was placed in a 
furnace (see figure) with hot and cold 
zones separated by an adiabatic zone. Al-
though difficulties were encountered in fit-
ting the theory to the experimental curves 
accurately, the calculated temperature 
profiles and isotherm locations agreed 
qualitatively with the behavior that basic 
physical principles would lead one to 
expect. 
Only in determining radial temperature 
gradients did the theory present real diffi-
culties. The isotherms were nearly flat 
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This Furnace was used to obtain the axial temperature profile of a rod of alumina. The 
alumina specimen was supported at the top and bottom of the hot and cold zones by jigs 
that allowed it to be ali ned with the furnace axis. The top and bottom furnace openings 
and the gap between hot and cold zones were plugged with fiber insulation. 
throughout the sample, and the resulting 
polynomial fits to the experimental data 
could not be resolved sufficiently to give 
consistent radial gradients at the surface. 
This work was done by James Creed 
Clayton of Semtec, Inc., for Marshall 
Space Right Center. For further informa-
tion, Circle 86 on the TSP Request Card. 
MFS-2ffJ13 
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Intense Source of Polarized Hydrogen Atoms 
Atoms are produced magnetically according 
to total angular momentum. 
NASA's Jet Propulsion Laboratory, Pasadena, california 
A 
1\ 
Atoms produced by the radio·frequency 
dissociation of hydrogen molecules are 
sorted according to their hyperfine states 
in an improved polarized hydrogen source. 
By use of a combination of de magnetic 
fields, atoms of the upper hyperfine ground 
level ' Sv., F = 1 are selected in numbers 
greater than those of the undesired F = 0 
state. 
H Atoms Wlth ___ ! I~ 
F = 1 State ~ 
I 
The dissociator (see figure) operates 
under conditions typical of those in hydrogen 
masers, at a pressure of 250 mtorr (33 N/m2) 
and a radio·frequency power of 7 W at 
125 MHz. The magnetic field applied to the 
dissociator could range from 0 to 600 G, in· 
creasing the overall efficiency of the 
source by 10 to 200 percent. The degree of 
enhancement depends upon the field 
strength; for example, 230 G results in one 
of the higher peaks of polarized atom 
production. 
The hexapole focusing magnet prefer-
entially selects atoms in the desired state. 
The combination of the hexapole magnet 
and the dissociator with the applied mag-
netic field increases the number of desired 
atoms by a factor of 60 to 70, as compared 
to the combination of the hexapole magnet 
and a dissociator without the applied field. 
The source could be built with permanent 
magnets or electromagnets. Its principal 
utility is as a source of polarized hydrogen 
for masers or experimental studies. 
\ 
I 
I 
I 
I 
H Atoms With F = 1 I 
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This work was done by Lutfollah MaJeki 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
24 on the TSP Request Card. 
Solenoidal and Hexapolar Magnetic Fields turn an RF dissociator into an Intense source 
of hydrogen atoms In the upper hyperfine ground level ('Sy., F = 1). 
NPO-16434. 
Molecular Thermal-Electron Detectors 
Small energies are detected 
with high resolution and sensitivity. 
NASA's Jet Propulsion Laboratory, Pasadena, california 
Low-energy electrons are detected with 
high resolution and sensitivity by their colli-
sions with certain molecules. Molecules of 
CFCl3, 004, 2-C4F6' and SF6 have been 
used successfully to detect electrons hav-
ing energies less than 10 meV. The mole-
NASA Tech Briefs, Winter 1985 
cules C-C5Fa and C-CsF'2 in particular 
have been found to have a nearly "delta 
function" response with respect to the at-
tachment of zero-energy electrons. 
An instrument based on molecular de-
tection could perform high-resolution 
threshold photoelectron spectroscopy. An 
instrument of this type could also be used 
to detect fluorocarbons and chlorocarbons 
in the upper atmosphere by their interac-
tion with thermal electrons. 
The technique is based on the formation 
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Detector Molecules (labeled "M") are used for both high·resolution threshold·photoelectron spectroscopy and thermal·electron detec· 
tion. In the former case, low-energy electrons produced by ionizing radiation attach to the detector molecules. In the latter case, thermal 
electrons from a plasma attach to the detector molecules. The attachment products are negative M ions. 
of negative ions by low-energy electrons 
and subsequent detection of the ions. The 
difficult process of extracting and focusing 
low-energy electrons is avoided. In the 
spectroscopy application, the compound 
to be analyzed is ionized by ultraviolet light 
(see left side of figure). At various ionization 
threshold energies, the compound pro-
duces thermal electrons that attach to the 
detector molecules, and the product nega-
tive ions are detected in a quadrupole· 
mass spectrometer. 
In the thermal-electron-detection appli-
cation (see right side of figure), an ambient 
plasma is swept into a collision chamber. 
The thermal electrons of the plasma attach 
to the detector molecules, and the mass-
spectrometer Signal produced by the at-
tachment products is detected. 
The collision chamber is designed to re-
duce stray electric fields to negligible lev-
els and to prevent inelastic and superelastic 
collisions with the walls of the collision-
chamber repeller element. A slotted, 
rhodium-plated copper repeller was found 
to be best; it results in an electron-
attachment spectral-line width that is lim-
ited only by the spectrometer resolution in 
the threshold photoelectron spectroscopy 
application above, or by the ambient elec-
Detecting Trace Contaminants 
in the Atmosphere 
A sensitive instrument uses two low-energy electron 
beams to detect certain molecules. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
An experimental instrument identifies 
and measures trace contaminants in the 
atmosphere. When fully developed, the 
portable instrument is expected to be able 
to measure contaminant concentrations of 
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certain halogen containing molecules as 
low as one part per trillion. 
The instrument employs electron 
beams to ionize the contaminant mole-
cules by the dissociative attachment of 
tron widths in the plasma detection 
scheme. The rhodium plating produces a 
surface that is effectively uniform in terms 
of contact potentials and patch fields. The 
slots reduce the number of inelastic and 
superelastic reflections of electrons back 
into the collision region. 
This work was done by Ara Chutjian and 
Samuel Alajajian of Caltech for NASA's 
Jet Propulsion Laboratory. For further in-
formation, Circle 10 on the TSP Request 
Card. 
NPO-16300 
electrons (see figure). The negative ions 
are analyzed by a charged-particle detec-
tor and a mass spectrometer. The energies 
of the electron beams are adjusted to 
match the resonance dissociation ener-
NASA Tech Briefs, Winter 1985 
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CAPABILI 
AVIONICS 
RD-300 Solid-state, completely self-contained 
Weather Radar test set. RD-300 with oscilloscope 
can perform virtually all radar tests. 
RD-301 Fully Integrated, solid state simulator 
for testing airborne and narrow pulse marine 
radars. Responds to radar transmitter pulse 
widths of 50 ns to 30 p.s. Two independent 
range delay systems. 
NAV-401 L Self-contained ramp or bench test 
set for functional testing and calibration of MKR. 
VOR. LOC. GIS and COMM avionics. 
NAV-402AP Similar in operation and appear-
ance to NAV-40 I L piUS additional features that 
permit testing of sophisticated autopilot systems. 
ATC-600A Completely portable self-contained 
unit providing accurate Transponder/DME 
measurements on the ramp or bench. 
N AV-7 SOB Self-contained unit for semiautomatic 
functional testing and calibration of airborne VOR. 
LOC. GIS. MKR and COMM receivers. 
NAV-7S0BR Automatic version of NAV-750B 
with step attenuator 0 dBm to -127 dBm. 
COMM-760 NAV-750 accessory for semiauto-
maoc testing of each of 720 or more channels 
of aircraft communications transceivers. 
MLS-800 A menu driven ground station 
Simulator for testing all parameters of airborne 
angle recervers on the ramp or bench Optional 
IEEE-488.1978 Interface. 
ATC-I200Y3 Transponder/DME test set permits 
simulation of the ground station and airborne 
environment on the bench. 
ATC-I400 Microprocessor-based test set to 
provide complete testing of modern Transponderl 
DME equipment with standard IEEE-488 Bus 
Interface for automatic operation. 
~~ Arl 
offers the most 
complete line of 
high performance 
avionics and 
communications 
test equipment 
available today. 
Seeing Is bellevlngl 
Call your distributor for complete 
technical information, brochure and 
demonstration - or contact 
IFR, Inc., 10200 West York Street, 
Wichita, Kansas 67215 U.S.A. 
Phone 316/522-4981 
TWX 910-741-6952 
Circle Reader Action No. 317 
AVIONICS 
T-I401 TACAN Bearing Simulator. Interfaces 
with ATC-1400 making a complete test station 
for ATC Transponder. DME and civil TACAN 
equipment. 
TAC-I400AlA Microprocessor based unit for 
testing airborne TACAN equipment including 
Air-to-Air and Inverse TACAN. Meets military 
requirements for AN/ARM-135 TACAN test set. 
WRX and WRC-7708 Weather Radar Test 
system, consisting of ROC-770B, STD-7000, 
OF-770B, terminal display and keypad. for a 
complete test station for Collins WXR-700c or 
WXR-700X weather radar. Also interfaces with 
Bendix. Meets ARINC-708 spedfications. 
COMMUNICATIONS 
FM/AM-$OOA "Mlcro-Monlto," A complete. 
compact service monitor weighing only 16 Ibs. 
FM/AM-l100S Portable service monitor With 
built-In 70 dB Spectrum Analyze( Continuous 
frequency coverage from 100 Hz to I GHz. 
FMJAM-1200 A mUlti-function. microprocessor 
controlled. portable service monrtor designed 
to test throughout the RF frequency range of 
250 kHz to I GHz. 
FM/AM-1500 A microprocessor-based. digitally 
synthesized service monitor utilIZing keyboard 
entry system, LCD display for programmed 
frequency readout processor controlled memory 
funCtIons and CRT capable of alphanumeric 
or waveform displays. Optional cellular mobile 
test capabilities. 
GENERAl PURPOSE 
A-7550 A portable. digital Spectrum Analyzer 
utilizing two microprocessors. menu driven 
display modes and single functiqn keyboard. 
Frequency ranges of 100 kHz to I GHz. 
I) 
gies of the contaminant. The contaminant 
molecules are identified by the character-
istic set of resonant energies and masses. 
The ionization into negative ions is a IOIN-
energy process that produces few secon-
dary electrons and photons from the instru-
ment walls. Such secondary effects would 
contribute to inaccuracy in measurement. 
The low-energy beams ionize contami-
nants selectively, without significantly io-
nizing molecules of the surrounding air. As 
a result, the signal-to-noise ratio is high, 
and the instrument is highly sensitive. 
Air or another gas to be analyzed flows 
into the path of opposed electron beams, 
the energies of which are varied between 
0.5 and 20 electron volts. To collimate the 
electron beams, solenoids provide a mag-
netic field coaxial with the electron guns. 
The ions are extracted from the chamber 
and focused at the entrance aperture of a 
quadrupole mass spectrometer. Mean-
while, the gas is continuously pumped out 
of the chamber. 
The use of two (or even more) electron 
beams greatly improves the size of the res-
onance peak for molecules in some rota-
tionally and vibrationally excited states. 
One beam is used to excite the contami-
nant molecules while the energy of the 
other beam is varied to probe for the reso-
nances. For carbon dioxide, for example, 
one beam at 1.2 electron volts raises the 
molecules to a vibrational state with a large 
excitation cross section. The energy of the 
other beam is then varied to obtain the rate 
of dissociation of the CO2 into CO and 0 -. 
This work was done by Santosh K. 
Srivastava of caltech for NASA's Jet Pro-
pulsion Laboratory. For further informa-
tion, Orc/e 49 on the TSP Request card. 
NPO-16225 
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Two Electron Beams impinge on flowing air, dissociating the contaminant molecules and 
producing ionized dissociation products in the stream. The ions are detected by a mass 
spectrometer. 
Solid-State Detector for Trace Materials 
Characteristic signals indicate the presence 
of certain chemicals. 
NASA 's Jet Propulsion Laboratory, Pasadena, California 
A detector for trace chemicals senses 
as few as 1012 molecules of a given materi-
alan its surface. It contains no moving 
parts, is amenable to large-scale integra-
tion, and operates at room temperature. 
Potential applications are in industrial proc-
ess control and in environmental analysiS. 
The detector is a thin-film, solid-state 
tunnel junction composed of layers of 
88 
aluminum, aluminum oxide, and gold on a 
glazed ceramic substrate. When a materi-
al is adsorbed on the gold, even in very 
small quantities, the tunneling characteris-
tics are altered. The nature of the alteration 
depends on the material. 
The aluminum layer, about 400 A thick, 
is deposited by thermal evaporation 
through a mask. The intermediate oxide 
layer then is grOlNn to a thickness of about 
20 A on the aluminum layer by a dc glOlN 
discharge in an atmosphere of oxygen and 
water vapor. The gold is deposited on the 
oxide, also to a thickness of 400 A, by ther-
mal evaporation through a mask. 
Detectors thus fabricated were tested 
by exposure variously to mercury, iodine, 
and bismuth. After the exposure, the sec-
NASA Tech Briefs, Winter 1985 
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Characteristic Peaks appear In the tunneling spectra of thin-film tunnel junctions after 
exposure to mercury, iodine, and bismuth - all materials that readily diffuse into the 
outer gold films of the junctions. The spectra are plots of the second derivative of current 
with respect to voltage versus the voltage between metal layers. 
ond derivative of current with respect to 
voltage was measured as a function of volt-
age between the gold and aluminum 
layers. the gold being at a higher potential 
than the aluminum. The exposure to mer-
cury and iodine vapors was at room tem-
perature for just a few minutes. Bismuth, 
on the other hand, was deposited 40 A 
thick on the gold layer and heated at 
1200 C for 10 minutes. 
In each case, the spectral features ob-
served were characteristic of the adsorbed 
material (see figure). For repeated expo-
sure to mercury, a device could be regen-
erated many times by heating: The heat 
drives off the adsorbed mercury and 
makes the device ready for use again. For 
iodine exposure, it is necessary only to 
rinse the device in ethanol to regenerate it. 
This work was done by John J. Lambe, 
Satish Khanna, Ani/kumar P. Thakoor, and 
Henry G. Leduc of Ca/tech for NASA's Jet 
Propulsion Laboratory. For further infor-
mation, Circ/e 89 on the TSP Request Card. 
NPO-16450 
Technique for Measuring Gas Conversion Factors 
The method is based on equalizing the partial 
pressures of oxygen in a test gas and in air. 
Lang/ey Research Center, Hampton, Virginia 
A new technique for measuring calibra-
tion conversion factors for hydrocarbon 
mass flowmeters has been applied to a 
widely used type of commercial thermal 
mass flowmeter for hydrocarbon gases. 
The values of conversion factors for two 
common hydrocarbons measured using 
this technique are in good agreement with 
the empirical values cited by the manufac-
turer. Similar agreement can be expected 
for all other hydrocarbons. The technique 
is based on the Nernst theorem for match-
ing the partial pressure of oxygen in the 
combustion product gases with that in nor-
mal air. It is simple, quick, and relatively 
safe , particularly for toxic/poisonous 
hydrocarbons. 
Most current mass flowmeters for gase-
ous media depend on the thermal proper-
ties of the test gases. They are normally 
calibrated for air and then used for other 
gases by means of either a theoretical con-
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version factor or an empirical factor pro-
vided by the manufacturer. Since the theo-
retical conversion factors of many gases of 
interest, such as H2, N2, O2, CO, CO2, 
CCI2F2, and hydrocarbon (CxHy), do not 
agree with the experimental values, it is 
often necessary to determine their calibra-
tion conversion factors experimentally. 
This is particularly true for most of the hy-
drocarbons. Even though the process of 
calibrating mass flowmeters for hydrocar-
bons is not complicated, their conversion 
factors often are not available, particularly 
when the gases involved are rare or toxic. 
Any scheme that permits in situ measure-
ments of conversion factors for all hydro-
carbons would thus be of great interest to 
combustion chemists and others inter-
ested in synthetiC fuel development. 
The figure shows the experimental set-
up used for equalizing partial pressures of 
oxygen in the test gas and the calibration 
air. Typically, the hydrocarbon under test 
would be burnt in oxygen-enriched air in a 
well-stirred combustor to ensure complete 
combustion. A fraction of the combustion 
products would be passed through the 
oxygen-partial-pressure monitor. For a par-
ticular dial setting of the hydrocarbon flow-
meter, the oxygen flow rate would be ad-
justed to make the oxygen partial pressure 
in the combustion products the same as in 
the calibration air. This condition would be 
signaled by the production of the same cell 
output as is obtained when calibration air is 
used as the test gas. The hydrocarbon 
flowmeter conversion factor, F, would then 
be given by: 
F = Oxygen Flow Rate 
(!!:!) x ( Hydrocarbon ) n Hydrocarbon Flow Rate on Dial 
where m is the oxygen flow rate and n is the 
hydrocarbon flow rate. 
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The Oxygen Partial Pressure in hydrocarbon-combustion-product gases is monitored in this experimental arrangement. 
Typ;cal ,esulls ob!a;ned w;u, methane This worn was done IJy Jag J Singh and Springfield, Virginia 22161. G 
and acetylene test gases are in good Danny R, Sprinkle of Langley Research This invention is owned by NASA, and a .~ 
agreement with the empirical values listed Center. Further information may be found patent application has been filed. Inquiries 
by the flowmeter manufacturer. Also, it is in NASA TM-85676 [N83-33127INSP], "A concerning nonexclusive or exclusive Ii-
apparentfrom the results obtained that the New Technique for Measuring Gas Con- cense for its commercial development 
methane and acetylene conversion fac- version Factors for Hydrocarbon Mass should be addressed to the Patent Coun-
tors are independent of the oxygen flow Flowmeters" [$7]. A copy may be pur- sel, Langley Research Center [see page 
rates as well as the carrier medium (air) chased [prepayment required] from the 29]. Refer to LAR-1322o. 
flow rates. National Technical Information Service, 
Compact Imaging Spectrometer 
The revised design improves spectral resolution 
in the visible and near infrared wavelengths. 
NASA 's Jet Propulsion Laboratory, Pasadena, California 
An imaging spectrometer for use in crop 
and mineral resource-mapping experi-
ments is a scaled-down version of the one 
described in "Reflecting SchmidtlLittrow 
Prism Imaging Spectrometer" (NPO-
15801),page481,NASA Tech Briefs. Vo1.8, 
NO. 4 (Summer 1984). The new spectrome-
ter also differs from the older one in that the 
OA-to-2.5-lim passband is now divided into 
two subbands at 1 lim. 
Radiation from the scene strikes a re-
flecting Schmidt corrector plate located 
near the center of curvature of the primal'y 
spherical mirror (see figure). The reflected 
radiation illuminates the upper portion of 
the primary mirror and forms an image at 
its focal surface. A reflecting slit at the pri-
mary focal surface acts as a field stop and 
NASA Tech Briefs, Winter 1985 
serves as the entrance slit for the spec-
trometer section of the instrument. 
The primary mirror collimates the radia-
tion rflflected by the slit and directs it to-
ward a dichroic beam splitter, which sepa-
rates the beam into the two wavelength 
bands. Separate dispersing prisms and 
corrector-plate/mirrors are used for each 
wavelength band. 
Placing the correction-plate mirrors in 
the two beams at slightly different angles 
from the optical axes separates the two 
wavelength-dispersed images formed by 
the rays returning to the focal surface of 
the primary mirror. This image separation 
makes it possible to use a different charge-
coupled-device detector array for each 
band without any gap in wavelength cover-
age. Handling the two bands separately 
improves dispersion linearity. 
The revised performance specifications 
of the spectrometer include spectral reso-
lutions of 10 nm in the visiblelnear infrared 
subband (to detect subtle changes in vege-
tation color) and 20 nm in the remaining in-
frared subband. The revised design in-
cludes two adjustable steering mirrors so 
that the field of view of the instrument can 
be aimed up to 45° forward or backward 
along one axis (along the groundtrack if the 
spectrometer is flown) and up to 20° to 
either side of this axis (across the ground-
track if the spectrometer is flown). The aim 
is adjustable in 1 ° increments in each 
direction. 
To maintain accurate alinement, the 
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main optical system and the supporting 
structure for the two aiming mirrors are all 
mounted to the top plate of the instrument 
housing. The mirror that controls the aim 
along the groundtrack also doubles as a 
protective cover and, in the closed posi-
tion, directs the instrument field of view to a 
spectral-line source for calibration. 
The electronics and the detector cooler 
are located on the instrument baseplate; 
they are cooled by an external refrigerator 
to 120 K. This arrangement isolates the 
critical optical components from the heat-
producing electronics and from the vibra-
tion of the cooler. 
The optical parameters of the spectom-
eter include a primary-mirror focal length 
of 416 mm and an effective circular-
aperture diameter of 11 cm (with a conse-
quent focal ratio of f/3.8). The field of view is 
2.8°. The signal-to-noise ratio of the instru-
ment varies from about 100 to about 1,000 
over most of the spectral region of interest. 
The raw-data reacbut rate is 103 X 106b/s. 
Four simple editing modes reduce the rate 
toorbelow50 X 106 b/s.Theseincludethe 
selection of any subset of 128 spectral 
bands, the averaging of any contiguous set 
of up to four bands, the spatial averaging of 
any group of up to four contiguous picture 
elements, and the reduction of spatial 
coverage in increments of one picture 
element. 
This work was done by John B. l/1Ie/lman, 
Alexander F. H. Goetz, Mark Herring, and 
Gregg A. Vane of Caltech for NASA's Jet 
Propulsion Laboratory_ For further infor-
mation, Orcle 73 on the TSP Request Card. 
NPO-16342 
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The Compact Imaging Spectrometer uses Schmidt/Littrow optics with a single spherical 
primary mirror. The steering mirrors and the two-spectral-band features are new. 
Liquid-Level Sensor for Containers in Motion 
The gamma-ray attenuation monitors the amount of fluid 
arbitrarily distributed within a container. 
Langley Research Center, Hampton, Virginia 
A nonintrusive technique monitors the 
fluid contents of sealed vessels, regardless 
of the fluid distribution inside the vessels. 
The technique is based on the differences 
in cesium-137 gamma-ray attenuation co-
efficients in air and th~ test liquids. Tests in-
dicate that the technique provides accu-
rate (better than ± 10 percent) information 
about the residual fluid content in sealed 
vessels. 
The new method was originally devel-
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oped for use on spacecraft, where the 
absence of gravity causes a fluid to be-
come distributed throughout the interior of 
its container. Since conventional liquid 
level sensors are useless in such situa-
tions, a new approach was required. The 
one developed could be used to measure 
the fluid content in closed containers on 
high-maneuvering aircraft where acceler-
ations cause the fluid to become distrib-
uted throughout the container. 
The figure shows a schematic diagram 
of the concept. The container is modeled 
as a rectangular volume, with a planar, uni-
form gamma-ray source on one face and a 
planar detector on the opposite face. 
The computer program used with the 
new technique models the stochastic 
process in which a gamma ray traverses a 
medium subject to multiple Compton scat-
tering. The vessel modeled is a closed con-
tainer of exterior dimensions I by 2d by 2d 
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holding variable amounts of a fluid located 
randomly within it. The interior of the con-
tainer is subdivided into smaller volumes 
such that the cross section in any plane 
parallel to the x-z plane is an n x n uniform 
grid. The parameters I, d, and n are defined 
by the user as program input. 
The program identifies each cell with an 
integer index between one and the total 
number of cells. If a cell is designated to 
contain fluid, the electron density (and thus 
the scattering properties) for that cell is as-
signed a value correS/X>nding to the fluid. 
All cells are initially aSSigned an electron 
density value corresponding to air. 
The program generates formatted out-
put on two files. One file contains a record 
of the program input followed by a graphic 
display of the fluid distribution and the 
transmission probability for each distribu-
tion. Each distribution from "no fluid" to 
"100 percent fluid" is illustrated for each 
set, with the transmission for each distribu-
tion printed below the corresponding dis-
play. Following this display, a summary for 
all sets is generated containing the aver-
age transmission and its standard devia-
tion for each distribution. 
The second file provides a brief sum-
mary for each distribution including the 
number of counts, the number not counted, 
and the number of particles dr~ for x, y, 
or z coordinates outside the region or for 
energy below the cutoff value. In addition 
to the formatted output, the program gen-
erates a graphic output presenting ·the 
transmission versus fluid content. 
This work was done by Jag J. Singh of 
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Fluid Is Arbitrarily Distributed in cells throughout the interior of a closed container. Each 
cell contributes to the attenuation of gamma rays on their way from the source to the de-
tector. The detector readings, therefore, give a measurement of the total fluid content of 
the container. 
Langley Research Center and Gerald H. 
Mall of Computer Sciences Corp. Further 
information may be found in NASA TM-
85754 [N84-175601NSP], "A Nonintrusive 
Nuclear Monitor for Measuring Uquid Con-
tents in Sealed Vessels " [$8.50). A copy 
may be purchased [prepayment required] 
from the National Technical Information 
Service, Springfield, Virginia 22161. 
LAR·13327 
Hybrid Laser Would Combine Power With Efficiency 
A Nd:YAG laser would be pumped by 
semiconductor lasers at its ends. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
According to a recent NASA proposal, 
an efficient laser system could be c0n-
structed by using two semiconductor 
lasers to pump a neodymium yttrium alum-
inum gamet (Nd:YAG) device. The hybrid 
concept was originally developed for opti-
cal communication over interplanetary dis-
tances. In space or on Earth. it would allow 
digital transmission at data rates of several 
megabits per second with a reasonably 
sized optical aperture of 20 cm. 
By itself, a GaAs laser proouces only a 
few tens of milliwatts of power with rela-
tively low coherence and spectral purity. A 
Nd: YAG laser. on the other hand. is difficult 
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to pump efficiently (an efficiency of only 
about 0.1 percent is typical). A combination 
of the devices. howev.er, would allow effi-
cient pumping and would yield 1 War more 
of optical power at an overall efficiency of 
about 10 percent. 
The light from two or more GaAs lasers 
would be focused to small S/X>ts on the 
ends of a Nd:YAG rod (see figure). The 
GaAs beams, at a wavelength of 0.81iJm, 
stimulate the Nd:YAG laser to emit light at 
1.06iJm. Wrth a suitable choice of focusing 
optics, the GaAs S/X>ts can be varied from 
50 to 100 I-Im in diameter to coincide with 
the diameter of the resonant volume of the 
YAG rod. Moreover, the GaAs beams 
would penetrate deeply into the rod: The 
Nd:YAG crystal is highly absorbent to light 
at the GaAs wavelength. The end-pumping 
configuration thus allows (he Nd: YAG laser 
to make maximum use of the energy from 
the GaAs lasers. 
This is in contrast to a conventional side-
pumping configuration in which GaAs 
lasers are arrayed along the length of the 
Nd:YAG roo. Much of the light from the 
GaAs passes through the rod without being 
absorbed in the resonant volume. As a re-
sult, a maximum efficiency of only about 
0.5 percent is possible with side pumping. 
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Highly Reflective at 106 lIm 
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Transmissive 
at 0.81 lIm 
GaAs 
The beams from Two GaAs lasers are efficiently coupled for pumping a Nd:YAG crystal. The combination of lasers exploits the best fea-
tures of each. 
Extremely small optical elements can 
be used to collect and deliver the pump 
light, and the size and weight of the system 
would therefore be small. The separation 
between mirrors in the laser resonator 
would be 5 cm, and the mirrors would have 
a radius of curvature of 5 cm. 
The distortion fran temperature-induced 
changes in the index of refraction of the 
Nd:YAG crystal is expected to be minimal, 
even though the pumping intensity will be 
about 10 kW/cm2. Such effects as thermal 
"lensing," in which radial thermal gradi-
ents give the rod a lenslike distortion, and 
thermal birefringence, in which thermal 
stress tends to depolarize the light beam, 
should be negligible. 
This work was done by Donald L. Sipes, 
Jr., of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Orcle 
72 on the TSP Request Card. NPO-16173 
Wedged Fibers Suppress Feedback of Laser Beam 
An improved optical fiber has a beveled output end and 
a wedged input end to reduce optical feedback losses. 
Langley Research Center, Hampton, Virginia 
When an injected laser is coupled into 
an optical fiber, emission instabilities arise 
because of optical feedback losses from 
the fiber into the laser. Coupling efficien-
cies as high as 80 percent, however, have 
been obtained by shaping the end of a mul-
timode fiber into an obtuse-angled wedge. 
Because the slanted sides eliminate the 
back reflection, such a wedged fiber can 
achieve high coupling efficiency. The rela-
tion (see Figure 1) between the fiber ac-
ceptance half angle and the wedge angle 
in a typical wedge-ended fiber is given by: 
e = sin·1 {n~in[+ + cos·1(n~n 1)]} - + 
In order to investigate the ability of the 
wedged fiber to suppress optical feedback, 
a laser was mounted on a temperature-
stabilized block and operated at a constant 
current with an output of about 3 mW. After 
the spectrum was recorded, a wedged 
fiber was interposed between the laser and 
the spectrometer, and the spectrum was 
again recorded. The two spectra were in 
close agreement. The advantage of the 
wedge, however, can be lost if there is in-
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Figure 1. The Input End of the Multimode 
Fiber Is Wedge Shaped to obtain high 
coupling efficiency with reduced optical 
feedback. 
ternal reflection from the output end of the 
fiber. These reflections can be eliminated 
with a beveled output end (see Figure 2). 
The bevel angle w must satisfy the inequality: 
90° - sin·1(1/n1)< w< 90° - cos·1 (n~n1) 
It is desirable to use the smallest possi-
ble w to increase the attenuation of inter-
nally reflected light, but internal reflection 
should be avoided too close to the critical 
angle where reflectivity rises steeply above 
4 percent. Most of the fiber terminations in 
this work had angles in the 50° to 55° 
range, the bevel angle for total internal re-
flection being approximately 4r. The out-
put beam with such terminations is inclined 
toward the bevel, and the angle d between 
the beam direction and the fiber axis is 
given by: 
d = sin·1 (n1 sine) - e 
Figure 2. The Output End of the Fiber Is 
Beveled to reduce optical feedback. 
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High coupling efficiency and feedback 
suppression can thus be combined by 
shaping the input end of a multimode fiber 
into a wedge and by beveling the output 
end at a suitable angle. With such fibers, 
the laser is not perturbed, and the spec-
trum measured at the fiber output is a faith-
ful reproduction of the spectrum measured 
when the laser radiates into free space. 
This work was done by Ivan Ladanyof 
RCA Corp. for Langley Research Center. 
No further documentation is available. 
LAR-13074 
Determining Calibration Constants for Attitude Measurements 
An algorithm based on the method of least squares 
is programed for a desk-top computer. 
Lang/ey Research Center, 
Hampton, Virginia 
An algorithm based on the method of 
least SQuares determines the calibration 
constants of seismic instruments for pre-
cise attitude measurements. The algo-
rithm was successfully used on a desk-top 
computer to reduce the calibration data 
from a precision linear accelerometer. 
Seismic instruments such as inclinome-
ters or low-range accelerometers can be 
used to make attitude measurements, as 
shown in the figure. If the inclination angle 
a is taken as the input, the output of the in-
strument is directly proportional to sin a. 
Ideally, the input and output are related as: 
e = Sg(sin a) 
where e = output signal (volts), 
S = sensitivity (volts/gram), 
g = local gravitational constant, 
and a = input angle (degrees). 
Accelerometer 
An Accelerometer can be used to make at-
titude measurements. The algorithm de-
scribed in the text can be used to deter-
mine calibration constants for this 
measurement. 
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IT DOESN'T SEEM A BIT BEYOND 
Our linear stages have up to 
0.1/Lm linear accuracy, some 
with essentially zero backlash 
that'll carry 100 kg. 
Our rotation stages and 
goniometric cradles measure 
to 0.001. 0 
These make possible systems 
with travel ranges up to 1,250 mm 
and speeds from 0-200 mm1sec-
ond for wafer and mask align-
ment, tracking systems, remote 
sensing and imaging, laser 
alignment, fiber optics test and 
measurement, robotics, disc cer-
I<LinGER 
tification, calibration and testing 
mass information storage, with 
a host of R&D applications. 
Klinger is world leader in 
micropositioning. With a philos-
ophy that says the best is always 
a bargain in the long run. Write 
or phone us for our free catalog. 
Klinger Scientific Corporation, 
110-20 Jamaica Avenue, 
Richmond Hill, NY 11418_ 
(718) 846-3700. 
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In practice, however, this equation is 
modified to include two sources of error: 
The mechanical misalinement ~ and the 
electrical bias b. Thus, the inputloutput 
relationship becomes: 
e = b + Sgsin(a + ~) 
where b = bias signal (vo~s) and 
~ = vertical component of the 
misalinement angle (degrees). 
In theory, the three unknowns, b, S, and 
~ , can be established from a "three-point" 
calibration process, but, in general, many 
more data points are taken in order to per-
form a statistical analysis on the experi-
mental data. The algorithm is a procedure 
that determines the calibration constants 
b, S, and ~ using the method of least 
squares. 
The algorithm was programed and run 
successfully on a commercially available 
desk-top computer. It simplifies determina-
tions of accelerometer calibration con-
stants, and it can be used in the field to veri-
fy accelerometer stability. 
This work was done by Ping Tcheng and 
Tom D. Finley of Langley Research Cen· 
ter. For further information, 0rc/e 12 on the 
TSP Request card. 
LAR-13214 
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Books and Reports 
These reports , studies, and hand-
books are available from NASA 
as Technical Support Packages 
(TSP's) when a Request Card 
number is cited; otherwise they 
are available from the National 
Technical Information Service. 
Accuracy of Lidar 
Measurements of the 
Atmosphere 
Sources of error in calibration 
of systems and interpretation 
of data are examined. 
A report reviews sources of systematic 
error in laser radar (lidar) measurements of 
particles in the atmosphere. The report ap-
plies particularly to stationary pulsed carbon 
dioxide lidars of the type used to measure 
backscatter from aerosols in the tropo-
sphere. It provides information for calibrat-
ing such systems accurately and consis-
tently and interpreting their data correctly. 
Much of the discussion is also useful in cal-
ibrating mobile and airborne lidars, lidars 
operating at wavelengths other than those 
of carbon dioxide lasers, and continuous-
wave lidars. 
The report examines the physics of at-
mospheric backscatter measurements. It 
considers data-acquisition errors, data-
processing errors, the influence of the tele-
scope overlap function (defined as the 
fraction of the transmitted pulse energy 
that is within the receiver field of view), cali-
bration with a hard target, and mathemati-
cal models of atmospheric attenuation. 
The largest potential source of error is 
the telescope overlap function. If the func-
tion is neglected or inaccurately modeled, 
measurements can be significantly in er-
ror. Although errors from other sources 
may be smaller. they nevertheless must be 
considered. 
This work was done by Michael J. 
Kavaya and Robert T Menzies of caltech 
for NASA's Jet Propulsion Laboratory. 
Further information may be found in NASA 
CR-173738 [N84-28067INSP], "Aerosol 
Backscatter Udar calibration and Data In-
terpretation " [$10]. A copy may be pur-
chased [prepayment required] from the 
National Technical Information Service. 
Springfield, Virginia 22161. 
NPO-16493 
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Adsorption of H2, Ne, and 
N2 on Activated Charcoal 
Adsorption isotherms and 
heats of adsorption were 
determined at pressures from 
1 to 80 atmospheres. 
A 9-page report presents measured ad· 
sorption isotherms of hydrogen. neon. and 
nitrogen on activated charcoal for temper-
atures from 77 to 400 K and pressures 
from 1 to 80 atmospheres (0.1 to 8.1 MPa). 
Heats of adsorption calculated from the 
isotherms are also presented. 
The new results extend to higher pres· 
sures than previous data. Data in this re-
gion were needed for use in designing a 
workable gas-adsorption compressor. 
The isotherms were determined by not-
ing the equilibrium pressure and tempera-
ture inside a constant volume. A stainless-
steel adsorption cell of 14.35 cm3 volume 
held 7.38 g of charcoal. which was packed 
into an open foam copper matrix (2 percent 
by volume) to enhance heat transfer to and 
from the charcoal. The cell temperature 
was measured with a silicon diode ther-
mometer and controlled with a 40-W 
heater and a gas heat switch to a 77-K heat 
sink. 
The adsorption cell was connected to a 
chamber of calibrated volume. which in 
turn was connected to both a vacuum sys· 
tem and a gas supply. To control experi· 
mental conditions. there was a valve in 
each of the lines connecting these 
components. 
The report gives expressions. based on 
the ideal·gas law. which show the relation· 
ship between different definitions of the 
volume of gas adsorbed and which are 
used in describing low-pressure isotherms. 
Of these. VE• which includes only the part 
of the fluid under the direct influence of the 
adsorption force. is recommended as the 
most useful because it is independent of 
the intergranular structure and the packing 
pattern of the charcoal cell. Another de-
fined volume, VT. differs from VE by includ· 
ing the fluid inside the microscopic voids in 
the charcoal. 
Two different analytic expressions that 
fit adsorption data are given: One for hy-
drogen and one for neon and nitrogen. The 
data on the heats of adsorption are pre-
sented tabularly. These data agree with 
previOUS results. where available. 
This work was done by Chung K. Chan. 
Emanuel Tward. and Kourosh I. Boudaie of 
Caltech for NASA's Jet PropulSion lab-
oratory. To obtain a copy of the report. 
"Adsorption Isotherms and Heats of Ad-
sorption of Hydrogen. Neon. and Nitrogen 
on Activated Charcoal •.. Orcle 95 on the 
TSP Request Card. 
NPO-16329 
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Microwave Atmospheric-
Pressure Sensor 
The difference in signal 
absorption between two 
frequencies is a measure of 
the atmospheric pressure. 
A report describes tests of a microwave 
pressure sounder (MPS) for use in satellite 
measurements of atmospheric pressure. 
When fully developed, the MPS may fur-
nish valuable data for predicting weather at 
low cost. Such an instrument is not only 
feasible but also accurate, according to 
tests of a simplified version on an airplane. 
The MPS is a multifrequency radar oper· 
ating between 25 and 80 GHz. It deter-
mines the signal absorption over a vertical 
path through the atmosphere by measur· 
ing the strength of echoes from the ocean 
surface. The MPSwould operate even with 
cloud cover. and it is suitable for use on 
current meteorological satellites. After fur-
ther development, it should be able to 
measure not only surface pressure but 
also liquid and vaporous water content and 
surface wind speed as well. 
Two channels in the broad oxygen·ab· 
sorption band at 60 GHz would be used to 
measure the total oxygen in the air column. 
The surface pressure would then be calcu-
lated from the total·oxygen measurement 
by taking into account the effects of the 
vertical temperature profile and other at· 
mospheric variables. These variables 
would be determined from measurements 
in four channels outside the 60·GHz 
oxygen·absorption band. 
The simplified MPS tested in the aircraft 
used only two channels and operated with 
much shorter pulses than will be neces· 
sary from a satellite in space. The channels 
were in the lower wing of the oxygen· 
atoorption band at 50.402 and 50.218 GHz. 
The two frequencies were close enough 
that the average surface reflectivities were 
equal. The difference in absorption be-
tween the two was thus predominantly a 
measure of the abundance of oxygen in 
the air column and of the pressure differ· 
ence between the surface and the aircraft. 
The initial flight tests, conducted over 
the Pacific Ocean near northem California, 
were used to check the operating charac-
teristics of the instrument. The second 
series of tests. over the Beaufort Sea. dem-
onstrated measurements over sea ice. The 
third series was carried out in a tropical en-
vironment over the Atlantic Ocean near 
Puerto Rico. On each flight , measure-
ments were made at altitudes between 
10.000 and 40,000 ft {3 and 12 km}. 
Differential absorption measurements 
were made with a precision of 0.01 dB. The 
variation of differential atoorption with anitude 
corresponded with theory within an equiva· 
lent pressure accuracy of ± 3.4 mbar 
(±340 Pa). 
This work was done by Dennis A. 
Flower, Gordon E. Peckham, and W John 
Bradford of Caltech for NASA's Jet Pro- . 
pulsion Laboratory. To obtain a copy of 
the report, "Experimental Validation of a 
Millimeterwave Radar Technique To Re-
motely Sense Atmospheric Pressure at the 
Earth 's Surface, .. Orcle 51 on the TSP Re· 
quest Card. 
NPO-16496 
Soi IIStructure Interactions 
in Earthquakes 
A computer simulation of 
these interactions promises to 
improve Earthquake resistant 
structures. 
In an effort to improve the design of 
Earthquake·resistant structures, a mathe-
matical study was undertaken to simulate 
the interactions among the soil . founda· iI!-
tion. and superstructure during various t'~ 
kinds of vibrational excitation. The system 
was modeled as three lumped masses 
connected vertically by springs, with the 
lowest mass connected to a horizontal vi· 
brator (representing the ground) through 
springs and a dashpot. The behavior of the 
springs was described by elastic or elasto-
plastic forceldeformation relationships. 
These relationships were used to approxi· 
mate nonlinear system behavior as well a~ 
soil/foundation·interface behavior. 
The study includes a general back· 
ground discussion and review of the litera-
ture concerning the use of finite-element 
and lumped·parameterlimpedance mod· 
els. A review of seismicity in the Eastern 
United States is included. Theoretical con· 
siderations for the computer modeling of 
soil/structure systems are presented, 
along with a discussion of the capabilities 
(types of problems, input, and output) re-
quired of a program to perform such 
modeling. 
Two superstructure models, three soil-
behavior models, and two soil stiffnesses 
were examined in various combinations. 
The simulation was carried out wi1h a FOR-
TRAN computer program called "DYNA," 
which was developed for such lumped· 
parameterlimpedance models. 
The analysis was performed in the time 
domain rather than the frequency domain 
so that behavior parameters could be m0d-
ified more easily during a program run and 
so that the immediate output could be in-
terpreted more readily. Moreover, a time· 
domain analysis can simulate nonlinear 
effects directly, rather than base them on 
average values of deformation. and can 
account for a sequence of events as they 
actually occur. 
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Some preliminary conclusions were 
drawn from the responses of the models to 
harmonic ground accelerations. For the 
systems examined and a given soil -
behavior model, an increase in soil stiff· 
ness decreases foundation displacements 
and increases superstructure responses. 
For a given soil stiffness, the response of 
the superstructure tends to be greatest 
when the soil behavior is elastic and least 
when the soil behavior is plastic; that is, 
when the foundation wallows. Overall in-
creases of damping in the structure and 
soil/structure system decrease the peak 
deformation of the first story and the dis-
placement of the top mass while increas-
ing th e rotational response of the 
foundation. 
The DYNA computer program is ex-
pected to be used in future studies. Modifi-
cations that would increase the accuracy 
and utility of the program include certain 
elaborations of some of the simple model 
elements, increasing the number of re-
sponse parameters in the output, and add-
ing the ability to accept recorded seismic 
events as inputs. Studies might include 
_ siru~OOns of taller. roore lle>dble ~ructu",,, 
J! transient (as distinguished from hanronic) 
2a ground movements, and the correlation of 
computer simulations with experimental 
data from real structures. 
This work was done by George W 
Ramey, Raymond K. Moore, Chai H. Yoo, 
Thomas D. Bush, Jr., and James M. Stallings 
of the Auburn University for Marshall 
Space Right Center. For further informa-
tion, Circle 44 on the TSP Request Card. 
MFS-27078 
Equipment for Microgravity 
Research 
Equipment ranging from 
containers to spacecraft is 
cataloged. 
An illustrated catalog describes equip-
ment and facilities available for experi-
ments under low-gravity conditions. The 
catalog may encourage scientific and 
commercial organizatiOns to investigate 
the benefits of conducting research and 
manufacturing activities in a microgravity 
environment. 
In a section on experimental apparatus, 
the catalog covers 14 equipment items: 
• General-purpose furnace; 
• Automated directional solidification fur-
nace; 
• Advanced automated directional solidifi-
cation furnace; 
• Static column electrophoretic system; 
• lsoelectric focusing experiment; 
• Single-axis acoustic levitator; 
• Three-axis acoustic levitator; 
• Acoustic containerless experiment 
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system; 
• Electromagnetic levitator furnace; 
• Ruid experiment system (crystal growth, 
convection, phase transitions, surface 
physics, and bubble behavior); 
• Ruids experiment apparatus (modular 
experiments in general liquid chemistry, 
crystal growth, fluid mechanics, thermo-
dynamics, cell cu lturing , and other 
areas); . 
• Vapor crystal-growth system; 
• Monodisperse-Iatex reactor system; and 
• Solute-diffusion apparatus. 
For each item, the catalog describes the 
capabilities and mode of operation. It lists 
key operating characteristics (such as 
temperature ranges , voltages , and 
powers) and physical characteristics (such 
as dimensions and masses). It gives the 
parameters of the specimens that the ap-
paratus can accommodate. It describes in-
strumentation on the apparatus and the 
types of data that can be acquired from it. 
Drawings and photographs of the appara-
tus accompany the description. 
In a section on research facilities; the 
catalog covers drop tubes, drop towers, 
microgravity research aircraft, ground-
based levitators, a float-zone experiment 
system, and Space Shuttle facilities. In-
cluded in the Space Shuttle facilities are the 
Orbiter middeck, the Orbiter payload bay, 
modular storage lockers, experimental-
apparatus containers , the materials 
science laboratory, the materials experi-
ment assembly, and standardized alumi-
num cans for small, self-contained experi-
ments. For each item, the catalog provides 
text and illustrations. 
This work was done by James A. 
Fountain of Marshall Space Right Cen· 
ter. To obtain a copy of the catalog, "Micro-
gravity Science and Applications, " Circle 
84 on the TSP Request Card. 
MFS-27094 
Calculation of 
Macrosegregation 
in an Ingot 
An interactive computer 
program uses a new 
numerical technique to model 
solidification. 
A report deserVes both a twxinensKx1aI 
theoretical model of macrosegregation 
(the separating into regions of discrete 
composition) in the solidification of a binary 
alloy in a chilled rectangular mold and an 
interactive computer program embodying 
that model. The model evolved from previ-
ous ones that were limited to calculating 
the effects of interdendritic fluid flow on the 
final macrosegregation for a given input 
temperature field under the assumption of 
no fluid flow in the bulk melt. 
The theory incorporates the effects of 
thermally induced convection in the bulk 
melt and of heat flow throughout the ingot 
in the macrosegregation calculation in the 
solidll iquid region. The theoretical model 
enables one to calculate the rate of devel-
opment of the solid and the temperature 
distribution in the ingot; the only thermal in-
put data required are the heat-transfer c0-
efficient at the chilled side of the mold and 
the temperature of the chill. 
Due to subtleties in the nonlinear form of 
the macrosegregation equations, it was 
necessary to resort to a new numerical 
technique to solve the problem. This tech-
nique, called the "discrete-flux method," 
applies to a broad class of moving-
boundary problems. 
In the discrete-flux method, the phYSical 
conservation relations are preserved both 
analytically and in discrete form. Finite-
difference equations simulate the heat 
flow through a discrete computational 
mesh. The resulting discrete form of the 
moving boundary conditions is explicit. 
The heat- and mass-flow equations are 
first transformed to body-fitted curvilinear 
coordinates, retaining both the enthalpy 
and the temperature as dependent vari-
ables. Conserving finite-difference approx-
imations are then made for each of the in-
terior and boundary coordinates. The 
movements of the interfaces are then ob-
tained, subject to the conditions that main-
tain the correct heat-flux relations at the 
interfaces. 
An interactive computer program to 
perform these calculations is designed for 
use by nonprogramers. The user selects 
the process parameters and the alloy com-
position and controls the selection of both 
graphical and tabular output as modeling 
progresses. The report includes an opera-
ting guide, flow charts, and a list of subrou-
tine names and functions, but not the 
source code. 
As implemented, the model neglects 
convection in the bulk liquid (the region 
where no solidification has taken place). 
The report suggests an approach for in-
cluding a coupling of the convective field in 
the bulk liquid to the convective field in the 
solidll iquid zone. 
This work was done by David R. Poirier 
and Anna L. Maples of General Electric Co. 
for Marshall Space Flight Center. Fur-
ther information may be found in NASA CR-
171030 [N84-237521NSP], "Analysis and 
Calculation of Macrosegregation in a Cast-
ing Ingot: Exhibits 'C ' and 'E' " [$11.50]. A 
paper copy may be purchased [prepay-
me'lt required] from the National Techni-
cal Information Service, Springfield, Vir-
ginia 22161. The report is also available on 
microfiche at no charge. To obtain a micro-
fiche copy, Circle 83 on the TSP Request 
Card. MFS-27068 
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Computer 
Programs 
These programs may be obtained 
at a very reasonable cost from 
COSMIC, a facility sponsored by 
NASA to make raw programs avail-
able to the public. For information 
on program price, size, and avail-
ability, circle the reference number 
on the TSP and COSMIC Request 
Card in this issue. 
Kinematic Stirling Engine 
Performance 
Calculated power and 
efficiency characterize 
performance. 
A computer program was developed for 
analyzing the thermodynamic characteris· 
tics of a kinematic Stirling engine. (A kine-
matic engine has pistons connected by 
mechanical linkages to a crankshaft.) The 
program computes time-varying piston p0-
sitions, pressures, and gas temperatures 
in each of the gas-control volumes into 
which the engine working space is divided. 
The engine performance is characterized 
by calculations of power and efficiency 
(both indicated and brake). The inputs to 
the code are the engine geometrical pa-
rameter, engine-operating conditions, and 
indexes that specify various options avail-
able. This computer model represents a 
compromise between other publicly avail-
able models that are either less mathemat-
ically rigorous and faster or more mathe-
matically rigorous and slower than the 
model described here. 
The model predicts engine perfor-
mance for a given set of engine-operating 
conditions (i.e., mean pressure, boundary 
temperatures, and engine speed). Rxed 
heater-tube and coolant-inlet tempera-
tures are assumed; gas physical proper-
ties vary with temperature. For the test-
case engine, one of the four identical 
engine working spaces is modeled, and 
the resultant power is multiplied by 4 to ac-
count for the four working spaces. The 
working-space model includes two pistons, 
the piston-swept volumes - the expan-
sion and compression spaces, three heat 
exchangers - the heater, regenerator and 
cooler, and four adiabatic connecting 
ducts. The pistons are positioned as func-
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tions of time according to the specified fre-
quency. The working space is divided into 
appropriately sized control volumes for 
analysis. Flow resistances and heat-
transfer coefficients are calculated for 
each control volume at each time step 
over the engine cycle. Within each gas vol-
ume, the continuity and energy equations 
are integrated with respect to time; a sim-
plified momentum equation (pressure drop 
is a function of a friction factor and floo 
rate) and an equation of state are also used 
in the calculations. 
The basic computer model equations 
are applied to each of the control volumes. 
The temperatures, masses, heat-transfer 
coefficients, and floo rates for each of the 
control volumes and interfaces (except the 
appendix gap volumes and interfaces) are 
represented by dimensioned variable 
names in the computer model. 
The required engine-operating condi-
tions that must be entered into the model 
are: Heater-tube outside-wall tefll)eratures 
(the combustor is not modeled), expansion-
and compression-space inside-wall tem-
peratures, cooling-water-inlet tempera-
ture, COOling-water flow rate, engine 
speed, and mean pressure. The cooler-
tube inside-wall temperature is solved by it-
eration but is constant during anyone cycle. 
Cylinder and regenerator-housing temper-
atures for conduction calculations can 
either be inputs or can be calculated from 
heater and cooler input temperatures. 
Losses due to imperfect heat transfer 
and appendix-gap pumping losses are an 
integral part of the cycle calculations. The 
appendix-gap -pumping calculations as-
sume isothermal appendix gaps. A cold ap-
pendix gap is included for the sake of gen-
erality; hO'Never, its volume is very small for 
the sample case, and its effect is negligi-
ble. Heat-conduction and piston-shuttle 
losses are calculated and are accounted 
for in the efficiency calculations. 
The pressure-drop calculations are 
based on a simplified momentum equation 
that neglects gas inertia. Pressure-drop 
calculations are also decoupled from the 
baSic thermodynamic calculations for the 
working space to neglect pressure-wave 
dynamics. 
Two passes through the thermody-
namic calculations are made to more ac-
curately model the effect of the decoupled 
pressure-drop calculations on engine per-
formance. The calculated power loss due 
to pressure drop is about the same 
whether one or two passes are made. 
However, in the second-pass calculations, 
the effect of pressure drop on heat transfer 
to and from the engine and on mass trans-
fer with the engine is more accurately 
modeled; the net effect on predicted per-
formance is to increase the basic power 
(power before pressure-drop loss) and effi-
ciency of the engine. 
The program is written in FORTRAN IV 
for use on an IBM 370 computer. 
This program was written by Roy C. 
Tew, Jr., of lewis Research Center. For 
further information, Circle 55 on the TSP 
Request Card. 
LEW-14092 
X·Ray Diffraction 
Analysis Program 
The program analyzes 
derivatives and separates 
overlapping peaks. 
SOPAD separates overlapping peaks 
and analyzes the derivatives of X-ray dif-
fraction data. In the Qualitaflve and ",anti· (I 
tative analysis of X-ray diffraction data, g ~ 
overlapping profiles introduce difficulties ,,~ 
that prevent an accurate determination of 
peak positions and the areas under the dif-
fraction peaks. This problem is prevalent in 
complex multielement alloys and in certain 
metal/matrix composites because of the 
large number of phases present. SOPAD 
helps the analyst to get the most informa-
tion out of the available diffraction data. 
SOPAD uses a Marquardt-type nonlinear 
regression routine to refine initial estimates 
of the individual peak positions, intensities, 
shapes, and half-widths. Data-smoothing 
routines and second-derivative routines 
are included to aid in making estimates of 
the number of peaks and their positions. 
The Pearson-VII distribution, which reo 
quires only four parameters per peak, is used 
to describe and refine the individual peaks. 
Also included is the capability to treat doub-
lets without increasing the total number of 
parameters. 
SOPAD is written in FORTRAN 77 for 
batch execution and has been imple-
mented on a CDC CYBER 175-series c0m-
puter with a central-memory requirement 
of approximately 68K (octal) of 60-bit 
words. SOPAD was developed in 1983. 
This program was written by K. E. 
Wiedemann and J. Unnam of Vigyan Re-
search Associates, Inc., and S. V. N. Naidu 
and C. R. Houska of the Virginia Polytech-
nic Institute & State University for Langley 
Research Center. For further information, 
Circle 14 on the TSP Request Card. 
LAR-13276 
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Measuring Resistivities of Small Fibers 
Resistivities of graphite and SiC/Si3N4 fibers are 
measured easily and accurately. 
Marshall Space Flight Center, Alabama 
A technique for measuring the electrical 
resistivities of fibers of graphite, silicon car-
bidelsilicon nitride mixture, and other ma-
terials used in composites is simple, accu-
rate, and reproducible. It is suitable for 
monofilament fibers with diameters of 
about 10 to 50 /Am. It can also be adapted to 
tow fiber strands. 
A fiber, the diameter of which has been 
measured, is placed on a clean glass plate. 
A bead of silver-filled epoxy resin is applied 
to one end of the fiber, attaching it to the 
plate. After the fiber settles down to the sur-
face from the disturbance of applying the 
resin, a bead of the resin is applied to the 
other end of the fiber. As the second bead 
is applied, the fiber is gently pulled taut so 
that it stretches between the beads in a 
straight line. It is not necessary to wait for the 
epoxy to cure. The mixed, uncured resin is 
viscous and holds the fiber securely. 
Ohmmeter probes are placed on oppo-
site ends of the fiber, and the resistance be-
tween the probes is measured (see figure). 
One advantage of not waiting for the epoxy 
beads to cure is that the probe points can 
be pressed into them to establish good 
electrical contact with the fiber. The con-
tact resistance is negligible. 
The distance along the fiber between 
the resinlfiber junctions is then measured 
with the aid of a divider, ruler, or other con-
venient instrument. The resistivity e is cal-
culated from the measured resistance R, 
the length L, and the cross-sectional area A 
of the fiber, according to e = RAIL. 
This work was done by Julia Daniels, 
Johnny M. Clemons, Frank E. Ledbetter; 
and Benjamin G. Penn of Marshall Space 
Flight Center and David J. Crouse of the 
Tennessee Technological University. No 
further documentation is available. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 29]. Refer to 
MFS-28077. 
A Small-Diameter Fiber is held at its ends by two beads of metal-filled epoxy resin . The 
electrical resistance of the fiber Is measured by the ohmmeter probes inserted in the 
beads before they harden. The softness and high conductivity of the uncured beads as-
sure good electrical contact between the probes and the fiber. 
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SCHOTT ... Precision Optical Glass 
Made in America and More!!! 
Schott Glass Technologies is geared to 
work with the largest production quantities 
or the smallest prototype development right 
here in the USA. Our 300,000 square feet of 
manufacturing facilities, backed by our 
scientific knowledge and technical skills, are 
ready to work for you at every stage of 
your program. 
Our in-house research and development is 
among the most modern of its kind 
OPTICAL DIVISION 
• OVER 250 TYPES OF OPTICAL GLASSES 
• FIBER OPTICS RODS 
• HIGH HOMOGENEITY GLASS BLANKS 
FOR MASSIVE OPTICS 
• ZERODURf> - LOW EXPANSION MATERIAL 
• PHOSPHATE AND SILICATE LASER GLASSES 
• CERENKOV COUNTERS 
COMPONENTS DIVISION 
• CRT FACEPLATES 
• SCIENTIFIC FILTER GLASS 
• INTERFERENCE FILTERS 
• CRT CONTRAST ENHANCEMENT FILTERS 
• FIBER OPTICS SPECIALTIES 
• B-270/CLEAR SHEET GLASS 
• X-RAY LEAD GLASS 
• RADIATION SHIELDING GLASS AND WINDOWS 
Our commitment ... 
anywhere. And we have the marketing and 
sales know-how to assure you that products 
made from Schott materials or components 
get to your customers on time and 
to specification. 
And, above all, Schott Glass Technologies 
has the widest range of precision optical 
glass and components available in the 
Western Hemisphere today. 
OPHTHALMIC DIVISION 
• CROWN GLASS - CLEAR AND TINTS 
• 1.60 LIGHTWEIGHT CROWN GLASS 
• HIGH-LITE" - HIGH INDEX LOW DENSITY GLASS 
• SUN MAGIC" PHOTOCHROMICS - FOR SUNWEAR 
• PHOTOCHROMICS - FOR PRESCRIPTION 
• INDUSTRIAL SAFETY GLASS 
• UV FILTERING CROWN 
• SPECIALTY GLASS 
TECHNICAL SERVICES 
• CONTRACT RESEARCH AND DEVELOPMENT 
• CUSTOM MELTING 
• ANALYTICAUPHYSICAUOPTICAL 
MEASUREMENTS 
- and the list goes on . .. 
Research" Development, Manufacturing, Sales, Service - Total Capability 
... your advantage. 
SCHOTT SCHOTTTM 
GLASS TECHNOLOGIES INC. 
400 York Ave., Duryea, Pennsylvania 18642 
(717) 457-7485 TWX 510-671-4535 
Telefax (717) 457-6960 
Circle Reader Action No. 383 
Solvent-Resistant, Thermally Stable Poly{Carbonate-lmides) 
A polyimide backbone with carbonate moieties yields 
high temperature stability and high solvent resistance. 
Langley Research Center, Hampton, Virginia 
New polymers and copolymers based 
on a polyimide backbone with carbonate 
moieties exhibit high temperature capabili-
ty. Because of the carbonate unit. many of 
these materials also exhibit high order or 
crystallinity. All of the new imide'containing 
polymers are insensitive to acetone. 
Commercial polymers based on the in-
clusion of carbonate units are thermoplas-
tic (300 0 C processing temperature) and 
have high impact resistance in an amor-
phous state. However. they lose their 
toughness as they crystallize. The com-
mercial polycarbonates have a heat-
distortion temperature in the range of 1300 
to 1400 C and withstand continuous use at 
temperatures up to 1200 C. These systems 
exhibit crazing and loss of properties when 
exposed to many organic solvents. Ace-
tone is particularly deleterious to polycar-
bonates. Thus. there is a need for a solvent-
and thermal-resistant aromatic resin that 
can be cured between 1800 and 3000 C. 
The new poly(carbonate-imide} exhibits 
significantly increased temperature resis-
tance and shows less sensitivity to solvents 
xN 
o 
HOOC 
o 
" 
-c-o 
than commercial polycarbonates. By in-
corporating a carbonate unit into a poIyimide 
backbone at varying levels and of varying 
structures. a series of ordered or crystal-
line thermoplastic polymers is produced 
that is solvent-resistant and has heat-
distortion temperatures in excess of 
1400 C. 
The poly(carbonate-imides} are pre-
pared according to the reaction scheme 
shown in the figure. They were character-
ized for heat-distortion temperature using 
a differential scanning calorimeter (DSC). 
so the temperature of the transition of the 
polymer from the glassy state to the rub-
bery state (Tg) could be measured. All of 
the poly(carbonate-imides} prepared have 
higher temperature capabilities than the 
commercial systems. In fact. the lowest T 9 
is 190 0 C compared to 1300 to 140 0 C for 
the commercial systems. The highest T 9 of 
278 0 C is twice that for the commercial 
systems. The inherent viscosities for the 
poly(carbonate-imides} ranged from 0.59 
to 0.65 dl/g. indicating that all had very simi-
lar molecular weights. 
The DSC studies show that systems 
where x is greater than 2 have crystall ine 
transitions or highly ordered glass-to-
rubber transitions that are common with 
the polycarbonates but not common with 
the base polyimide where y = 10. The 
crystalline melts occur in the temperature 
range of 325 0 to 450 0 C. Also, for several 
of the copolymers. X-ray diffraction studies 
show that in systems where x is greater 
than 4, the systems exhibit crystalline 
structure. 
This work was done by Terry L. St. aair 
and Noel T Wake/yn of Langley Research 
Center, Shubha Maudgal of the National 
Research Council. and John R. Pratt of the 
Mississippi University for \M:)men. For fur-
ther information, Circle 71 on the TSP Re-
quest card. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Langley 
Research Center [see page 29]. Refer to 
LAR-13292. 
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NOTE: The x:y ratio can vary from 10:0 to 1 :9. 
This Reaction Scheme is used in preparing the new poly(carbonate-imides). The general 
structure of the new materials is seen at the bottom of the figure. 
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H you still believe in me,save me. 
For nearly a hundred years, the Statue of Liberty 
has been America's most powerful symbol of freedom 
and hope. Today the corrosive action of almost a 
century of weather and salt air has eaten away at the 
iron framework; etched holes in the copper exterior. 
On Ellis Island, where the ancestors of nearly 
half of all Americans first stepped onto American soil, 
the Irrunigration Center is now a hollow ruin. 
Inspiring plans have been developed to restore 
the Statue and to create on Ellis Island a permanent 
museum celebrating the ethnic diversity of this coun-
try of immigrants. But unless restoration is begun 
now, these two landmarks in our nation's heritage 
could be closed at the very time America is celebrat-
ing their hundredth anniversaries. The 230 million 
dollars needed to carry out the work is needed now. 
All of the money must come from private dona-
tions; the federal goverrunent is not raising the funds. 
This is consistent with the Statue's origins. The French 
people paid for its creation themselves. And America's 
businesses spearheaded the public contributions that 
were needed for its construction and for the pedestal. 
The torch of liberty is everyone's to cherish. 
Could we hold up our heads as Americans if we allow-
ed the time to come when she can no longer 
hold up hers? 
Opporb.mies tor Yo..- Comp.1y. 
ICHlCIAL You are invited to learn more about the advantages of corporate sponsorship during the nationwide pro-motions surrounding the restoration project Write on your letterhead to: The Statue of Liberty-Ellis - IslandFoundation, Inc., 10lParkAve, .Y., N.Y.I0l78. 
Save these monuments. Send your persooal tnt deductible dooatioo to: P. 0. Box 1986. New Vorl<, N.'l 10018.1he Statue of Liberty.Ellis Island Foundation, Inc. 
KEEP 
TIE 
10RCH 
LIT 
Chromium Ions Improve Moisture Resistance of Epoxy Resins 
Cr (III) ions bind free hydroxyl 
groups on the epoxy chain. 
Langley Research Center; Hampton, Virginia 
A broad spectrum of thermosetting epoxy 
resins is used on commercial and military 
aircraft, primarily as composite matrices 
and adhesives. Epoxy resins, however, 
tend to absorb moisture, causing objec-
tionable plasticization of the material and 
depression of the polymer glass-transition 
temperature. Although chromium-complex 
coupling agents have reduced moisture 
absorption at the interface between resin 
and reinforcement, moisture absorption at 
the resin surface and into the bulk of the 
polymer remains a problem. The relatively 
high water uptake capacity of epoxy resins 
is due to the presence of hydroxyl groups in 
the epoxy chains that attract polar water 
molecules. 
In a new technique, a chromium-ion-
containing epoxy with improved resistance 
to moisture can be produced where the 
chromium ions are believed to prevent the 
absorption of water molecules by coordi-
nating themselves to the hydroxyl groups 
on the epoxy chain. One of three proc-
esses developed in this new technique for 
producing an epoxy with improved mois-
ture resistance involves: 
1. Addition of chromium ions to a pre-
heated epoxide; 
2. Addition of a diamine curing agent; 
3. Thermosetting of the chromium-ion-
containing epoxy resin by curing at 
1400 C; and 
4. Further heating at 204 0 C to postcure 
the polymer. 
The chromium ions are added in the 
form of tris(acetylacetonato)chromium (111) 
complex [abbreviated "Cr(acach"] at a 
concentration of 1 to 13 percent by weight 
of the complex (0.1 to 1.1 percent metal) to 
an epoxide based upon the diglycidyl ether 
of bisphenol A (OGEBA) that has been pre-
heated at 1300 to 1350 C. While maintain-
ing this temperature, an aromatic diamine 
[4,4/-diaminodiphenyl sulfone (~~S)] cur-
ing agent is stirred into the epoxy mixture. 
Cr(acac)3 
CH3 
I 
C-O 
II \ CH Cr 
\ I 
C=O 
I 
CH3 3 
+ 
DGEBA Polymer, n = 0.2 
A reaction scheme is shown in the figure. 
Two additional processes have been devel-
oped to produce similar results using a 
tetraglycidylmethylenedianiline epoxide. 
The ultimate success of improved mois-
ture resistance for epoxy resins according 
to this technique is dependent upon the 
presence of the Cr(acach Of all the possi-
ble ligands that can coordinate to the 
chromium atom in a Cr (111) complex, hy-
droxyl is the most stable. By binding free 
hydroxyl groups on the epoxy, the chromi-
um prevents water molecules from attack-
ing the polymer. Any Cr (l1I)-containing 
salts, complexes, or organometallic com-
plexes that have a Cr (III) atom available for 
hydroxyl coordination could be useful in 
this technique. Success of this technique is 
also dependent upon the solubility of the 
chromium complex in the epoxy resin. The 
SOlubility allows the Cr (111) ions to chemical-
ly interact with the polymer chain rather 
than to act merely as an inert filler. 
o ~CH3 OH ~CH$ 0 / \ I I 1 / 
CH2-CH-CH2-0 0 r-@-O-CH2-CH-CH2-0 0 ~-@-O-CH2-CH-0H2 
CH3 n 0H3 
104 
+ 
DDS 
H2N NH2 ~S02J§J 
1 
Chromium-Ion Containing Epoxy 
Chromium Ions Are Added to an Epoxide to form a moisture-resistant epoxy resin. The 
aromatic diamine DDS is stirred into the preheated mixture to cure it. 
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It is anticipated that this improved epoxy 
formulation will be useful as a composite 
matrix resin, adhesive, or casting resin for 
applications on commercial and advanced 
aircraft. This improvement has been made 
without a sacrifice in the mechanical prop-
erties of the polymer. 
This work was done by Anne K. St. Oair. 
Terry L St. Oair, Diane M. Stoakley, Jag J. 
Singh. and Danny R. Sprinkle of Langley 
Research Center. For further information. 
Circle 59 on the TSP Request Gard. 
This invention has been patented by 
NASA (U.S. Patent No. 4.510.277). Inquir-
ies concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent Coun-
sel, Langley Research Center [see page 
29). Refer to LAR-13226. 
Fast-Response Oxygen-Monitoring and Control System 
New Zr02 sensors are intended 
for hypersonic-vehicle testing. 
Langley Research Center, Hampton, Virginia 
A system for monitoring and controlling 
the oxygen concentration in CH410iair 
combustion product gases in the langley 
8-Foot High-Temperature Tunnel has been 
tested in the laboratory. The oxygen sensor 
is a Y 203-stabilized Zr02 ceramic disk 
maintained at 843 ° C. The overall system 
response time has been reduced to about 
0.2 second, which is equal to or less than 
1 percent of the tunnel run time. When the 
test gas oxygen concentration differs from 
the normal air concentration by 25 percent 
or more, an alarm sounds, and an emer-
gency tunnel shutdown Signal operates. 
The most frequently used electrochemi-
cal oxygen detectors are the solid·state 
ceramic oxide devices such as Zr02 and 
Ti02 sensors. Of these two types, Zr02 
sensors are faster and more dependable in 
transient combustion environments. The 
Zr02 device is based on the Nernst equa-
tion, which relates the oxygen partial pres-
sures on its oppoSite sides with the voltage 
potential difference developed across 
them. The recommended operating tem-
perature range for Zr02 sensors is 600° to 
8500 C. The high temperature is necessary 
in order to prqduce the vacancies that ef-
fect the oxygen ion diffUSion through the 
sensor disk. 
The sensor is made of a high-
temperature Y 20a-stabilized Zr02ceramic 
electrolyte disk coated with porous plati-
num electrodes on both sides (see figure). 
The platinum electrodes are sufficiently 
porous to permit ready diffusion of gases 
through them. 
Oxygen, or an oxygen-containing gas 
such as air, is supplied to one side of the 
disk, and the test gas is supplied to the 
other side (see figure). Oxygen molecules 
arriving at the heated electrode are disso-
ciated and converted to doubly charged 
oxygen ions, with the platinum electrode 
providing the necessary electrons. The 0.2 
ions combine with the vacancies and dif-
fuse through the heated ceramic disk to 
the other side, where they convert to neu-
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tral O2 molecules with the platinum elec-
trode taking up the extra electrons. 
When the concentration of oxygen is dif· 
ferent on the two sides of the disk, more ox-
ygen ions migrate from the high-oxygen-
concentration side to the low-oxygen-
concentration side. This ion flow provides 
an electronic imbalance that results in a 
voltage difference between the two plati-
num electrodes. The voltage difference is a 
function of the disk temperature and the 
oxygen partial pressures on the two sides 
of the disk. 
Because, in practice, the pressure is not 
usually exactly equal on the two sides of 
the sensor and the sensor matrix has im-
purities and imperfections, a practical rela-
tionship between the sensor output and the 
oxygen partial pressures on the two sides 
is given by the following equation: 
E = ATln(:~) + C(P) 
where A = a mathematical constant, T = 
the Zr02 disk temperature, and qP) = the 
5 perfonns reliably uper c~Ei~='~~ 
d bl performance in hostile environments ura e and harsh chemicals. They handle temperatures from - 269°C to 240°C. They survive millions of 
K flexes. Dielectric strength apton® and tensile strength are excellent If your components need to perform reliably year after year, consider durable KAPTON, made 
only by DuPont. For facts and a free 
sample, write Du Pont Co., KAPTON 
Rm.X40804, Wilmington. DE 19898. 
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cell constant, which is determined by cali-
bration with known gas mixtures at known 
pressures. Because of the extreme sensi-
tivity of the Nernst voltage to the Zr02 disk 
temperature, it is necessary to use a feed-
back loop, based on a thermocouple sig-
nal, to maintain the sensor temperature at 
a constant, high level of 843 0 C. A 
NiCr/NiAi thermocouple is used to monitor 
the temperature of the Zr02 sensor. An er-
ror signal, generated by comparing the 
thermocouple signal with a predetermined 
set point, is then used to maintain the sen-
sor at 843 0 C. 
Initially, the Zr02 oxygen sensor was cal-
ibrated using various mixtures of N2 and O2 
at room temperature. The system was 
then modified to include hydrocarbon 
combustion products in the test gas 
stream. Finally, the system was modified 
so that a controlled amount of oxygen gas 
was introduced in the air prior to methane 
combustion, as would be the case in the 
combustor of the wind tunnel. The 02-to-
CH4 flow rate ratio was adjusted to pro-
duce the same oxygen sensor output as 
obtained with the room air. Samples of the 
room air and the exhaust gas were ana-
lyzed using a gas chromatograph. The oxy-
gen concentration in the exhaust gas was 
Test Gas 
Porous I ~' 0" / ~~ I Porous Pt Electrode ~I 2 1"'-Pt Electrode 
• I 0-2 1 4 1 ...- I 
1 0-2----. I 
I '////uZ I 
Air Reference 
Sensor Output 
The zr02 Disk Oxygen Sensor is used to relate oxygen partial pressures on its opposite 
sides with the voltage across them. 
equal to that in the room air, confirming the 
accuracy and reliability of operation of the 
oxygen-monitoring system. 
In actual wind-tunnel operation, the ex-
haust (test) gas signal will be compared 
with the air signal, and the error signal will 
be used to control the oxygen spray rate in 
the combustor air. This will keep the ex-
haust gas oxygen partial pressure at the 
level of that in the air. 
This work was done by Jag J. Singh, 
William T. Davis, and Richard L. Puster of 
Langley Research Center_ Further infor-
mation may be found in NASA TP-2218 
[N84-11460INSP] , " Proposed Fast-
Response Oxygen Monitoring and Control 
System for the Langley 8-Foot High-
Temperature Tunnel" [$8.50]. A copy may 
be purchased [prepayment required] from 
the National Technical Information Ser-
vice, Springfield, Virginia 22161. 
This invention is owned by NASA, and a 
patent application has been filed. InqUiries 
concerning nonexclusive or exclusive li-
cense for its commercial development 
should be addressed to the Patent Coun-
sel, Langley Research Center [see page 
29]. Refer to LAR-13257. 
Measuring Thermoelectric Properties Automatically 
A microcomputer increases measurement accuracy, 
improves operator productivity, and reduces test time. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
A microcomputer-controlled system 
speeds up measurements of Hall voltage, 
Seebeck coefficient, and thermal diffusivi-
ty in semiconductor compounds for ther-
moelectric-generator applications. With 
the microcomputer system, a large data 
Q) 
Cl) A ~ 
(5 
> 
Turn On Field Reverse Time 
MagnetiC Field Off Field 
base of these parameters can be gathered 
over a wide temperature range. 
For Hall-effect measurements, the mi-
crocomputer reduces the measurement 
time at each temperature from about 2 days 
to about 1 hour. The microcomputer also 
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automatically eliminates readings from un-
stable regions of the voltage-versus-time 
characteristic of material (see figure). The 
Hall-voltage measurement is obtained by 
averaging measurements in the stable re-
gions for forward and reverse magnetic 
Tm 
Time After 
Flash 
Three Basic Thermoelectric Properties are measured rapidly and with minimal human interaction. Hall-voltage readings are accepted 
only during the stable intervals A, C, E, and F. The Seebeck coefficient is determined from the differentiation of the least squares polyno-
mial fit of the vOltage-versus-temperature curve. For thermal diffuslvity, the back-surface temperature versus time is recorded, and times 
to reach the peak temperature rise and half the peak temperature rise are calculated. 
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fields. The averaging procedure is re-
peated for eight different combinations of 
electric probes and directions of current. 
The computer also records the high and 
low values for each measurement point. It 
periodically displays results to the operator 
and asks whether they are acceptable. The 
operator can repeat any portion of the test 
if the data are suspect. The measurements 
are repeated for many temperatures over 
the expected operating range of the mate-
rial. Clearly, gathering Hall-voltage data 
would be both tedious and error prone by 
manual methods. 
For measurements of the large-thermal-
gradient Seebeck coefficient. the micro-
computer takes control once the test spee-
imen is inserted in a test fixture; no human 
intervention is necessary. The temperature 
of the cold side of the sample is held con-
stant, while the temperature of the hot side 
is increased by the computer. At preset 
temperature increments - every 10° C, 
for example - the computer stores the 
coId- and hot-side temperatures and the 
Seebeck voltage. Once the variation of the 
Seebeck voltage with temperature has 
been determined, the computer finds the 
Seebeck coefficient from the slopes of the 
voltage-versus-temperature curve. 
Thermal diffusivity is determined by the 
flash method, in which a sensor measures 
the temperature of the back surface of a 
sample resulting from a flash of heat on the 
front surface. The accuracy of the thermal-
diffusivity measurement depends on the 
accuracy with which peak temperature 
and halftime (the time it takes for the rear 
surface to reach one-half the peak temper-
ature rise) can be measured, and this is 
where computerized data acquisition 
comes into play. 
The digitized points that make up the 
curve of back-surface temperature versus 
time are transferred from a digital oscillo-
scope to the computer. The computer then 
finds a curve that fils the points and differ-
entiates the curve. The point where the 
slope of the equation is zero-corresponds 
to the peak temperature. With the peak 
temperature determined, the computer 
then finds the halftime value by interpolat-
ing between the origin and the peak 
temperature. 
This work was done by Artur 
Chmielewski and Charles Wood of Ca/-
tech for NASA's Jet Propulsion Labora· 
tory. For further information, Circle 99 on 
the TSP Request Card. 
NPO-16507 
Insulation Blankets for High-Temperature Use 
Lightweight, flexible material resists intense heat. 
Ames Research Center, Moffett Fie/d, California 
AIl insulating blanket resists tempera-
tures up to 1,500° F (815° C). It is useful 
where high-temperature resistance, flexibility, 
and ease of installation are important -
for example, as insulation for odd-shaped 
furnaces and high-temperature ducts, as 
curtains for furnace openings and for fire 
control, and as conveyor belts in hot 
processes. 
The blanket is a quilted composite con-
sisting of two face sheets: the outer one of 
silica, the inner one of silica or other glass 
cloth with a center filling of pure silica glass 
felt sewn together with silica glass threads 
(see figure). The felt fibers have diameters 
ranging from 1 to 3 ,.an. The fibers are 
amorphous silica rather than crystalline; 
thermal expansion is therefore low, and 
crystalline inversions causing sudden 
changes in volume do not occur. A major 
advantage of the blanket insulation is its lew 
mass density - about 81b1ft3 (128 kgJm3). It 
is lighter than the ceramic tile insulation 
used on the Space Shuttle, for example. 
The ne'N insulating blanket Is manufac-
tured in various thicknesses from 1/8 to 2 
inches (3.2 to 50.8 mm) in a standard 33- by 
33-inch (83.8- by 83.S-cm) size. Small 
pieces can be cut from stock for applica-
tion to sharp corners or areas of complex 
curvature_ It is quilted in squares approxi-
mately 1 inch (2.54 cm) on a side. The out-
side layer of the blanket can be coated with 
a moisture-resistant material. The inside 
layer can be bonded directly to the metal or 
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other skin of the object to be insulated by a 
room-temperature-vulcanizing adhesive 
(RTV-560 or equivalent). This adhesive, ap-
plied at a thickness of 0.010 inch (0.25 mm), 
keeps weight low and minimizes thermal-
expansion stress during temperature 
changes. 
This work was done by Howard 
Goldstein, Daniel Leiser, Paul M. Sawko, 
Howard K. Larson, Carlos Estrella, and 
Marnell Smith of Ames Research Center 
and Frank J. Pitoniak of the the u.s. Ak 
Force . No further documentation is 
available. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Ames 
Research Center [see page 29]. Refer to 
ARC-11453. 
Silica 
Glass 
Cloth 
Flexible, Reusable Insulation for surfaces is composed of quilted silica felt covered on 
the top by silica and on the bottom by silica or other glass cloth. The insulation can with-
stand temperatures of 1,500° F (816° C). 
Colorless, Transparent, Aromatic Polyimide Films 
Essentially colorless, 90-to-100-percent transparent 
films are obtained in a two-part process. 
Lang/ey Research Center, Hampton, Virginia 
A new process yields aromatic conden-
sation polyimide films that are essentially 
colorless. These films are between 90- and 
100-percent transparent at the visible 
wavelength of 500 nm, compared to 60 to 
70 percent for commercial polyimide film 
of equal thickness. 
Linear aromatic condensation polyim-
ide film is used in many aerospace and 
commercial applications. These polyim-
ides are known for their bright yellow color. 
Further, the intensely colored aromatic 
polyimides, upon aging in a space environ-
ment, become even less transparent, as 
low as 30 percent. The need exists, there-
fore, for high-temperature, flexible poly-
meric film and coating materials that have 
high optical transparency in the 3OO-to-
600-nm range of the electromagnetic 
spectrum for applications on antennas, 
solar cells, and thermal-control coating 
systems. 
The new process involves two condi-
tions: (1) Purification of both aromatic dia-
mine and aromatic dianhydride monomers 
and the solvent used as a medium, and (2) 
separation or removal of chromaphoric 
centers and reduction of both inter- and 
intra-chain electronic interactions that 
cause absorption in the ultravioletlvisible 
range by introducing bulky groups and 
"separator" groups into the polymer m0-
lecular structure. Both conditions must be 
used concurrently to produce polyimide 
films with maximum optical transparency. 
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Optically Transparent Polylmide Films are made from a variety of aromatic condensation 
polyimides. The films range from very pale in color to colorless. 
For the first condition, at least one re-
crystallization or sublimation of the aro-
matic diamine and dianhydride monomers 
was necessary to prevent impure starting 
materials from discoloring the final polyim-
ide film. It was also necessary to use dis-
tilled solvent as a reaction medium. 
The second condition involves use in the 
monomers of bulky groups such as - CF3 
or S02 groups and "separator" groups 
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such as - 0 - linkages that can reduce 
electron affinity and overall conjugation in 
the polymer chain. Incorporation of 
electron-withdrawing groups in the dia-
mine ~ortion of the polymer structure re-
duces the formation of inter- and intra-
chain charge-transfer complexes that 
cause large absorptions in the UV-visible 
range. Incorporation of large, bulky groups 
into either the diamine or dianhydride mon-
omers reduces the amount of chain-to-
chain electronic interactions and thereby 
discourages charge-transfer-complex 
formation. 
In this process, a highly purified aro-
matic diamine is dissolved in a distilled 
amide-type solvent such as dimethylaceta-
mide. A highly purified dian hydride is then 
added to the diamine solution at room tem-
perature to form a polyamic acid. This 
resin is then spread onto a glass plate to 
form a film using a doctor blade with a 
specified blade gap. The polyamic acid film 
is then thermally converted to the polyim-
ide by heating to 300° C. 
Optical transparency of the films was 
determined not only by physical appear-
ance but by transmission UV-visible spec-
troscopy. Spectra of 0.2 mil (0.005 mm) 
thick films showed strong absorptions with 
cutoffs located between 300 and 400 nm 
(UV region) compared to a cutoff between 
450 and 500 nm (visible region) for a com-
mercial polyimide film of equal thickness. 
M a result of this process, high optical 
transparency was obtained for a variety of 
aromatic condensation polyimides (see 
figure). 
Films were prepared that range from 
very pale in color to colorless, compared to 
the bright yellow color of conventional! 
commercial aromatic poiyimide film. This 
increased transparency was achieved at 
no sacrifice in thermal stability, flexibility, 
toughness, or mechanical properties. 
These features make the films extremely 
attractive as films or coating materials for 
aerospace applications or for any other ap-
plications where high optical transparency 
or thermal stability is required. 
This INOrk was done by Anne K. St. Ciair, 
Terry L. St. Ciair, Keziban S. Ezzell, and 
Robert M. By of Langley Research Cen· 
ter. For further information, Circle 28 on the 
TSP Request card. 
This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive license for its 
commercial development should be ad-
dressed to the Patent Counsel, Langley Re-
search Center [see page 29]. Refer to 
LAR-13351. 
Phenoxy Resins Containing Pendent Ethynyl Groups 
Cured resins show greatly improved 
resistance to heat and solvents. 
Langley Research Center, Hampton, Virginia 
Linear phenoxy resins are widely used 
in a variety of applications, such as adhe-
sives, coatings, moldings, and blow-
molded bottles. However, these resins are 
extremely sensitive to certain solvents and 
have relatively low tolerance to heat. By re-
acting phenoxy resins with various 
amounts of an ethynyl-contalning acid 
chloride, one obtains phenoxy resins con-
taining different amounts of pendent ethy-
nyl groups. When exposed to elevated 
temperatures, a thermally induced reac-
tion of the ethynyl groups results in branch-
ing and cross-linking. (A catalyst could be 
used to lower the cure temperature, but it 
is unnecessary.) As a result of the curing 
reaction, the use temperature and solvent 
resistance of the cured modified phenoxy 
resins are greatly increased over previous 
phenoxy and modified phenoxy resins. 
Ethynyl-containing phenoxy resins were 
prepared from the reaction of phenoxy 
resins with ethynyl-substituted aryl acid 
chlorides such as 4-ethynylbenzoyl chlor-
ide, as shown in the figure. The ethynyl 
content can be readily controlied simply by 
controlling the amount of 4-ethynylbenzoyl 
chloride used or by coreaction of the pen-
dent hydroxy groups on the phenoxy resins 
with mixtures of the ethynyl-substituted 
aryl acid chloride and other acid chlorides 
such as benzoyl chloride. In controlling the 
ethynyl content, the cross-link density of 
the cured resin can be controlled accord-
ingly. If desired, residual hydroxy groups 
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can be left in the phenoxy resin without ad-
verse effects. This general concept can be 
extended to virtually any polymer contain-
ing such groups as OH, NH2, NHR, and 
SH, which are capable of reacting with an 
acid chloride. 
The ethynyl-containing phenoxy resins 
have excellent shelf life in solution or in 
bulk. The cured ethynyl-containing phe-
noxy resins offer lower moisture absorp-
tion, higher use temperatures, and better 
thermal stability over state-of-the-art cross-
linked phenoxy resins. Depending upon 
the cross-link density, the cured ethynyl-
modified phenoxy resins are solvent resis-
tant but still thermoformable and relatively 
tough. These modified resins show poten-
tial for use as adhesives, composite ma-
trices, solvent-resistant coatings, mem-
branes, insulators, and films. 
This work was done by Paul M. 
Hergenrother of Langley Research Cen-
ter_ Further information may be found in 
NASA TM-85747 [N84-1633B1NSP], "Phe-
noxy Resins Containing Pendent Ethynyl 
Groups" [$7]. A copy may be purchased 
(prepayment required] from the National 
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Ethynyl-Contalnlng Phenoxy Resins are prepared by the reaction shown. Control of the 
ethynyl content in turn controls the cross-link density. 
Technical Information Service, Springfield, dressed to the Patent Counsel, Langley 
VA 22161. Research Center [see page 29]. Refer to 
Inquiries concerning rights for the com- LAR-13222. 
mercial use of this invention should be ad-
Micronized-Coal Burner Facility 
It is used in testing materials for 
turbines fueled by a coal/oil mix. 
Lewis Research Center, Cleve/and, Ohio 
The micronized-coal (coal-in-oil mix) 
burner facility was developed to fulfill a 
need to generate erosionlcorrosion data 
on a series of superalloy specimens. The 
specimens were to be subjected to cyclic 
heating and cooling in a high-velocity, hot 
gas stream using coaI-in-oil fuel. 
Due to the energy crisis caused by the 
reduction in availability of crude oil, there 
was a serious need for alternative energy 
schemes to reduce the dependence of the 
United States on foreign oil. One scheme 
that had been attempted in the past in-
volves the use of a mixture of coal particles 
in fuel oil (COM) with the coal in the mixture 
being as high as 50 weight percent. The 
use of COM has the advantage of reducing 
the amount of oil used while still allowing 
the COM to be handled and bumed as a 
liquid. 
In the past, most attempts to use COM 
have been with regard to its use in utility 
boilers and blast furnaces. However, be-
cause of the rapidly expanding use of gas 
turbines for applications such as electrical 
generation, it would be extremely advanta-
geous to operate such turbines on COM. 
Attempts to operate gas turbines on pow-
110 
~ 
~-----4Cc1mbue1ion 
a,.....-'1lJo---UJ---J AIr Source 
Automatic Fuel 
Control 
Valve 
Pressure 
Relief 
Fuel 
Drum 
Figure 1. The Micronized-Coal Burner Facility was designed to generate erosion/corro-
sion data on superalloys used in gas turbines. 
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dered coal alone have been unsuccessful. 
Not only were there problems of handling 
and preparing the coal. but the ash from 
the burned coal particles caused unac-
ceptable erosion of the turbine blades. 
In order to successfully operate a gas 
turbine using COM. there are t'NO primary 
conditions that must be met. First, there 
must be adequate atomization of the COM 
and second. minimization of coking of the 
burner. Meeting these conditions will be 
achieved only by clean burning and flame 
stability. 
The object of the facility is to provide for 
coal-in-oil mixture in a combustor or burner 
system (see Figure 1) in which ash result-
ing from burning the mixture is of submi-
cron particle size. The burner system com-
prises a burner section. a flame exit nozzle. 
a fuel-nozzle section, and an air tube by 
which preheated air is directed into the 
burner section. A regulated airflow at a 
controlled pressure is delivered to a fuel 
nozzle where it is mixed with fuel. A liquid 
pump is provided to direct a mixture of coal 
particles and oil from a drum to the nozzle 
at a desired rate and pressure. The fuel 
mixer in the drum is provided to keep the 
coal particles uniformly distributed in the 
coal-in-oil mixture. 
The burner section (see Rgure 2) has an 
inner wall that is separated from an outer 
wall. This arrangement reduces heat trans-
fer from the combustion zone to provide 
more complete burning of the fuel. The 
spray nozzle includes an axially centered 
passageway through which regulated 
pressurized air in oil is directed. COM is di-
rected through radial passageways corre-
sponding to axial passageways that com-
municate with the central passageway. As 
the COM flows through the radial passage-
ways into the central passageway, the reg-
ulated air pressure causes atomization of 
the COM. 
The spray nozzle is supported in a noz-
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Figure 2. The Burner, which includes a spray nozzle with a fuel supply, has an inner wall 
and an outer wall to reduce heat transfer. 
zle body, which includes passageways for 
air, for entrance of the fuel mixture, and for 
exit of excessive fuel mixture. Preheated 
combustion air passes around the nozzle 
body and into the burner chamber. 
This work was done by F. D. CaIto and 
M. W. Lupton of Lewis Research Center. 
For further information, Circle 60 on the 
TSP Request Card. 
This invention has been patented by 
NASA (U.S. Patent No. 4,425,854). In-
quiries concerning nonexclusive or ex-
clusive license for its commercial develop-
ment should be addressed to the Patent 
Counsel, Lewis Research Center [see 
page 29]. Aefer to LEW-14131. 
Cobalt Ions Improve the Strength of Epoxy Resins 
The addition of cobalt ions increases the flexural 
strength of TGMDA resins by 10 to 95 percent. 
Lang/ey Research Center, Hampton, Virginia 
Epoxies are extremely versatile materi-
als, offering ease of processing, chemical 
resistance, high adhesive strength, low 
density, and high electrical insulation. One 
drawback of highly cross-linked epoxy 
resins is their brittleness and accompany-
ing low mechanical strengths. A technique 
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has been developed for improving the me-
chanical strength of epoxy resins by add-
ing cobalt ions in the form of tris(acetylace-
tonato)cobalt (III) complex (abbreviated 
"Co(acach"]. 
One of three new processes for produc-
ing a cobalt ion-containing epoxy with im-
proved mechanical properties involves: 
1. Combining epoxides and solvent; 
2. Combining cobalt ions, diamine curing 
agent, and solvent to form a premix; 
3. Adding the premix to the epoxide solu-
tion; 
4. Degassing the cobalt ion-containing 
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resin at 115 0 to 1250 C; 
5. Curing at 1500 C; and 
6. Postcuring at 17]0 C. 
The epoxy solution in this process com-
prises a tetraglycidylmethylenedianiline 
(TGMDA) epoxide (61 .5 percent by weight), 
an epoxidized phenolic novolac commer-
cially known as SU-8 (5.0 percent by 
weight), and a low-boiling-temperature sol-
vent such as methyl ethyl ketone (MEK) 
(33.5 percent by weight). A premix is pre-
pared separately containing Co(acach (1 .3 
to 11 .6 percent by weight), an aromatic dia-
mine curing agent such as 4,4/-diaminodi-
phenyl sulfone (DDS) (20.1 to 22.4 percent 
by weight), and a low-boiling-temperature 
solvent such as MEK (6.8 to 7.6 percent by 
weight). The cobalt/amine premix is added 
to the epoxy solution so that the final mix-
ture contains 43.5 to 46.2 percent premix 
and 53.8 to 56.5 percent epoxy solution. 
The reaction scheme is shown in the 
figure. 
Solid cast disks prepared from cobalt 
ion-containing epoxy resins were tested for 
flexural strength and stiffness. Incorpora-
tion of cobalt ions into the epoxies in-
creased the flexural strength of the resins 
by 10 to 95 percent. Suitable resins for this 
technique include any liquid or solid 
TGMDA resins. The improved mechanical 
properties achieved with TGMDA-based 
cobalt ion-containing epoxies were not at-
tained using a more linear difunctional 
epoxy resin . It is anticipated that this im-
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The Epoxy Solution and CobaltlAmine Premix are combined, degassed, cured, and post-
cured to form a cobalt ion-containing epoxy. 
proved epoxy formulation will prove useful 
as a composite matrix resin, adhesive, or 
casting resin for applications on commer-
cial and advanced aircraft. 
This work was done by Diane M. 
Stoakley and Anne K. St. Clair of langley 
Research Center. Further information 
may be found in NASA TM-85715 [N84-
13m/NSPj, "Cbbalt Jon-Containing Ep:Jxies" 
[$7]. A copy may be purchased [prepay-
ment required] from the National Techni-
cal Information Service, Springfield, Vir-
ginia 22161. 
This invention has been patented by 
NASA (U.S. Patent No. 4,473,674). In-
quiries concerning nonexclusive or exclu-
sive license for its commercial develop-
ment should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 29]. Refer to LAR-1323o. 
Alkane-Based Urethane Potting Compounds 
Lowered viscosity makes these prepolymers 
usable as potting materials. 
Marshall Space Flight Center, Alabama 
New low viscosity urethanes are easi-
ly mixed, molded, and outgassed. The 
alkane-based urethanes resist hydrolysis 
and oxidation and have excellent dielec-
tric properties. 
A low-viscosity alkane-based urethane 
prepolymer is prepared by a one-step 
reaction of either isophorone diisocyanate 
or methyl-bis(4-cyclohexyl isocyanate) 
with a hydrogenated, hydroxy-terminated 
polybutadiene (HTPBD). The curing agent 
is a diol or amine that acts as a chain exten-
der or cross-linker, which allows the pre-
polymer to reach its final molecular weight 
and converts it to a thermoset material 
via cross-links. The curing agents used in 
experiments were trimethylene glycol , 
di-p-aminobenzoate and 1,4-butanediol. 
For tests of the new material, speci-
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experimental 
NASA Alkane-Based 
-,' 
, 
Pioperty Specification Urethanes 
~:.. .:.., lhareA 60-90 57-98 
,..... - 1,500 Minimum 400-3,000 T_~'", 175 Minimum 52-434 
E~~ 200 Minimum 74-525 
~ initial at .. c. P 450 Maximum 20·500 
~Uf.Al.-C,,, 1 Minimum 2·10 
OoeffIotent of Thermal 
175 x 10-6 Maximum 162·324 x 10-6 IlipaMIon, -85- to +100- C 
A Comparison of Mechanical Properties of new alkane-based urethanes with NASA 
standards for potting compounds shows a wide range of values. 
mens were prepared by heating the curing sheet material. The compound was cured 
agent with HTPBD, stirring isocyanate or in air at 70 0 C for 12 hours and at 120 0 C 
diisocyanate into the mixture, degassing, for 18 hours. A variety of HTPBD and iso-
and pouring the mixture into molds for cyanate or diisocyanate combinations 
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were formulated. 
The molecular weights of the new 
alkane-based urethanes tested varied 
from 300 to 4,000, depending on the 
choice of HTPBD. Those materials with 
molecular weights up to 2,500 exhibited 
viscosities lOIN enough and working life 
long enough for those materials to be used 
as potting compounds. 
The thermal stability of the experimental 
alkane-based urethanes was as high as, or 
higher than, that of those previously avail-
able. The dielectric properties and hydro-
lytic stabilities were excellent. The me-
chanical properties varied widely, depending 
on the formulation (see table). Many formu-
lations met most NASA mechanical re-
quirements. However, no single formula-
tion met all the requirements. In general, 
the mechanical properties were not as 
good as those of ether- and ester-based 
urethanes. 
This work was done by Donald E. Morris 
of Marshall Space Right Center. Further 
information may be found in NASA TM-
82544 [N83-34047INSPJ, "Oevelopmentof 
Low Viscosffy Alkane-Based Urethane for 
Connector Potting ,Applications" [$8.50]. A 
paper copy may be purchased [prepay-
ment required] from the National Techni-
cal Information Service, Springfield, Vir-
ginia 22161. The re{XJrt is also available on 
microfiche at no charge. To obtain a micro-
fiche copy, Circle 62 on the TSP Request 
Card. 
MFS-27D47 
High-Strength, Low-Shrinkage Ceramic Tiles 
Flexural strength and other properties 
are improved by additives. 
Lyndon B. Johnson Space Center, Houston, Texas 
The addition of refractory fibers and 
whiskers to insulating tiles composed pri· 
marily of fibrous silica, such as those used 
on the skin of the Space Shuttle orbiter, 
greatly improves their properties. For ex-
ample, rncdifying the formulation with 15 per-
cent alumina fibers and 2.85 percent boron 
nitride multiplies the flexural strength by a 
factor of 2 or 3 while maintaining the same 
lOIN density as that of the all-silica tiles (see 
figure). Added benefits are an increase in 
the modulus of elasticity and less deforma-
tion and shrinkage at temperatures above 
2,300° F (1,260° C). 
Although originally developed to provide 
the Space Shuttle with tiles of greater 
strength and dimensional stability, the new 
composition is also suitable for lightweight, 
thermallY'stable mirror blanks and as fur-
nace and kiln insulation. The improved tiles 
are made with current tile-fabrication 
processes. 
The tile ingredients are blended with de-
ionized water to form a thick slurry and 
cast to shape. After drying, the tiles are 
heated. Boron nitride is especially useful 
because it resists oxidation up to about 
1,830° F (1,000° C), then slowly dissoci-
ates to boron trioxide and nitrogen gas 
during subsequent heating to higher 
temperatures. 
The boron addition promotes eutectic 
sintering and provides a strong borosilicate 
bond at fiber junctions. At the tile-firing tem-
perature of 2,350° F (1,290° C), the slowly-
released boron trioxide has time to react 
as it diffuses throughout the tile to all the sil-
ica fibers, producing uniformly bonded in-
tersections. The boron trioxide content also 
inhibits crystallization of the silica during 
exposure to high temperatures. Crystalli-
zation - which would make tiles brittle -
does not exceed 5 percent when boron-
NASA Tech Briefs, Winter 1985 
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For a Given Density, tiles containing silicon carbide and boron additives are stronger in 
flexure than are tiles made from silica alone. In addition, the tiles with additives are nearly 
immune to heat distortion, whereas pure-silica tiles shrink and become severely 
distorted. 
containing tiles are heated to 2,300° F 
(1,260° C) for 15 hours. 
This work was done by William H. 
Wheeler and John F. Creedon of Lockheed 
Missiles & Space Co., Inc., for Johnson 
Space Center. For further information, Cir-
cle 64 on the TSP Request Card. 
MSC-20654 
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Research Furnace for Crystal Preparation 
Temperature profiles are accurately 
controlled by three independent heaters. 
Langley Research Center, Hampton, Virginia 
A three-zone furnace originally devel-
oped for materials research in zero gravity 
has been tested and characterized for the 
preparation of lead-tin-telluride (LTT) crys-
tals. Tests show that the temperature in the 
furnace can be controlled to obtain a con-
stant rate of movement of a high-
temperature isotherm down the length of 
the furnace. The tests also show that a 
temperature gradient on the order of 
20° Ocm can be obtained in the furnace 
while a 900° C isotherm is moved. A func-
tional dependency of growth rate on per-
turbations during the growth has been de-
rived and shows the importance of avoid-
ing nonsteady growth rates and changing 
temperature gradients. 
LTT is a compound semiconductor that 
can be considered a binary mixture of lead-
telluride molecules and tin-telluride mole-
cules. The pseudobinary phase diagram 
shows that the two materials are fully misc-
ible. A mixture of 20 percent tin telluride 
and 80 percent lead telluride was chosen 
for NASA's zero-gravity experiment. This 
combination, which solidifies in a tempera-
ture range around 900° C, dictates the 
temperature at which the furnace should 
be characterized. 
Stainless-
Steel 
Cartridge 
Sample 
Stainless 
Seating 
Sleeve 
Heat 
Extractor 
Hot 
Element 
Middle 
Element 
1 
f 
Cold 2.79cm Element 
~ A schematic of a furnace is shown in Figure 1. There are three heaters in the fur-
nace and a water-cooled heat extractor 
that makes contact with the end of the car-
tridge. Control software brings the sepa-
I'9.te heaters to any desired temperature. 
Careful selection of temperature profiles 
allows a particular isotherm to be moved 
down the length of the furnace at a fixed 
rate. Directional solidification can be 
achieved by either moving the furnace and 
the sample relative to each other or by 
ramping a temperature gradient through 
the furnace at a constant rate. Since the 
furnace is designed to be stationary with 
no moving parts, its temperature profiles 
must be characterized, and a procedure 
must be developed for controlling the tem-
peratures in the three zones so that a solid-
ification front passes down the specimen 
at a constant growth rate with a sufficiently 
high temperature gradient to avoid consti-
tutional supercooling. 
Figure 1. A Schematic of the Furnace Module in the general purpose research furnace 
shows relative positions of the heater elements, the heat extractor, the positioning 
sleeve, and the sample. 
Since the fabrication of an L TT sample 
is quite time consuming and the sample 
can be solidified only once without risk of 
ampoule breakage (which can result in 
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corrosion of the interior of the furnace), it 
was decided to make most of the charac-
terization tests with relatively inert materi-
als that have thermal characteristics simi-
lar to those of L TT. The first series of tests 
was carried out on a boron nitride sample 
with six thermocouples measuring axial 
temperatures along the solid rod. The next 
sample tested was fused silica with six 
thermocouples at various positions. 
A timetable was deduced from position! 
temperature data to program the software 
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to control the set points for the various fur-
nace zones such that a constant rate of 
movement 'MlUkj be OOtained for the OC()0 C 
isotherm. Rgure 2 shows a portion of the 
curve for the position as a function of time. 
As can be seen, the rate in this part of the 
furnace is very nearly constant as was the 
case over the entire range covered by the 
thermocouples. Preliminary tests on a 
PbTe-&lTe sample showed that the fur-
nace is capable of producing the required 
temperature gradients in LTT. 
5.-------------,--------------r-------------, 
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This work was done by Roger K. Crouch, 
Archibald L Fripp, Jr., William J. Debnam, 
Jr. , and Ivan 0. Qark of Langley Research 
Center, J. M. Zwiener of Marshall Space 
Flight Center; and F. M. Carlson ofC/arkson 
University. Further information may be 
found in NASA TM-8571B [N84-13211INSPl 
"Characterization of the General Purpose 
Research Furnace for Low-G Directional 
Solidification Experiments " [$7]. A copy 
may be purchased [prepayment required] 
from the National Technical Information 
Service, Springfield, Virginia 22161. 
LAR-13302 
3 ~14~----------~15~------------1~6------------~17 
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Figure 2. The Interface Position as a Function of Time shows the constant rate of change 
of the 900° C temperature for this region of the furnace. 
Lightweight Protective Garments 
POlyacrylate-rubber-coated fabric would selectively 
transmit water vapor and carbon dioxide. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed garment material would 
protect the wearer from poisonous chemi-
cals, bacteria, and radioactive particu-
lates. At the same time, the garment would 
allow heat, moisture, and carbon dioxide to 
pass from the inside to the outside so that 
the wearer remains comfortable. 
The garment would be made of cotton 
fabric on which a thin layer of polyacrylate 
rubber has been deposited by calendering 
or spraying. It would be lighter and cooler 
than existing protective garments made of 
two layers of canvas separated by a core 
of activated charcoal and a chlorinated 
compound. Moreover, it would not release 
grains of core material. Such grains can 
embed themselves in the wearer's skin, 
causing irritation. 
Polyacrylate rubber was selected for 
the garment material because it transmits 
water vapor and carbon dioxide at high 
rates. The rates could be adjusted to the 
values required for human comfort by 
varying the rubber formulation. At the 
same time, polyacrylate rubber would 
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transmit large-molecule chemical agents 
at low rates - many orders of magnitude 
lower than the rates for moisture and car-
bon dioxide. In addition, such agents could 
be destroyed within the polyacrylate rub-
ber layer by reactive additives. 
Because the polyacrylate rubber is non-
porous, it would not pass bacteria and vi-
ruses. For the same reason, the layer 
would exclude radioactive dust. If radioac-
tive materials become lodged on the sur-
face of the garment or trapped in it by 
chemical reaction, the garment could be 
discarded. 
An example of a reactive additive is cal-
cined magnesium oxide, which could be 
mixed with the polyacrylate in proportiOns 
as great as 44 percent by weight. The mag-
nesium oxide would react with moisture 
from the wearer to form magnesium hy-
droxide. This alkaline material would then 
react with the phosphate moiety of the 
small amount of phosphate-based warfare 
agent that would penetrate into the rubber 
layer. The agent would then be neutralized 
by the formation of insoluble magnesium 
phosphates. 
Acid hydrolysis additives could also be 
included in the rubber, either alone or in 
combination with alkaline hydrolysis addi-
tives. Similarly, oxidants, precipitants, com-
plexing reagents, and others could be 
added to destroy harmful chemicals. Of 
course, such reagents and their products 
must be bound in the rubber so that they 
would not escape to become skin irritants, 
lung irritants, or carcinogens. 
It would probably not be necessary to 
vulcanize the rubber. If vulcanizing is done, 
however, the curing agent should be se-
lected carefully. Polyamines should be 
avoided, for example, because they are 
skin irritants. Fortunately, nonallergenic 
vulcanizing compounds are available. 
This work was done by Eugene R. 
du Fresne of Caltech for NASA's Jet Pr0-
pulsion Laboratory_ For further informa-
tion, Circle 91 on the TSP Request Card. 
NPO-1651O 
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Ultrasonic Mixing of Epoxy Curing Agents 
Uniform mixing is obtained at relatively low 
temperatures, without adding solvent. 
Langley Research Center, Hampton, Virginia 
Aircraft of the future will require high-
performance polymer matrices to fully 
achieve the weight savings possible with 
composite materials. Some potentially 
useful polymer/curing agent combinations 
cannot be mixed properly because of the 
high melting temperatures of the curing 
agents. fls an exarTl)le, when curing agent A 
is heated to its me~ temperature of 242° C 
and mixed into epoxy resin, the result is un-
controllable, very rapid curing. If solvent is 
used to lower the melt temperature, residu-
al solvent evolution during subsequent 
processing causes voids and degradation 
of properties in the final part. Another cur-
ing agent is a fluffy, low-density crystalline 
material that is difficult to blend into the 
epoxy. 
A new ultrasonic mixing technique alle-
viates these problems. The technique has 
been used to mix several curing agents! 
epoxy combinations. The major compo-
nent of the commercially available base 
epoxy resin used is tetraglycidylmethyl-
enedianiline (fGMDA). 
The ultrasonic unit used is the commer-
cial ultrasonic generator with transducer 
and horn shown in Figure 1. Maximum 
power output for the unit is 300 W. A poly-
imide release film is taped to the end of the 
horn to form a cup for the resin and curing 
agent during excitation. The curing agents 
are hand mixed into the epoxy resin at 30° C 
before ultrasonic blending. 
The mixing ratios of the samples are 
26.3 parts per hundred, by weight, for the 
two conventional systems and 22.5 parts 
per hundred for the two experimental sys-
tems. Prior to ultrasonic treatment, the 
samples are opaque, lumpy, viscous liq-
uids, each colored a darker shade than the 
natural color of the curing agent. 
The samples are placed in the cup with 
the top of the ultrasonic horn forming the 
bottom of the cup. They are ultrasonically 
treated until they became amber colored 
and transparent. The peak temperature 
reached while mixing the high-melting cur-
ing agent A with TGMDA is around 150° C 
after mixing for 10 min. The other three cur-
ing agents take between 1 and 4 min to dis-
solve, reaching peak temperatures of 90° 
to 100° C for very short times. 
After ultrasonic mixing, the resin 
samples are cured in an air-circulating 
oven. Because ultrasonic agitation drives 
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Figure 1. In the Ultrasonic Mixing System the cup holds the resin and curing agent during 
acoustic excitation. 
out entrapped air, degassing is not neces-
sary before cure. 
All curing agents were successfully 
blended into the epoxy resin using this ul-
trasonic technique (see Figure 2). Gel-
permeation chromatograms of the ultra-
sonically mixed and of melt-mixed samples 
indicated no premature polymerization or 
significant differences in the compositions 
of either mixing technique. 
Ultrasonic mixing of resins is a useful 
technique to dissolve curing agents into liq-
uid resins to obtain uniform mixing while 
avoiding uncontrolled advancement of the 
resin. This technique also precludes the 
need for solvents that give processing 
BASE 
RESIN 
HAND 
BLENDED 
ULTRASONIC 
BLENDING 
Figure 2. The Transparent Ultrasonic Blend demonstrates effective mixing of the curing 
agent into the resin using the ultrasonic technique. 
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problems during final cure. 
This work was done by William T. 
Hodges of the U.S. Army Structures Labor-
atory and Terry L St. Oair of Langley Reo 
search Center. Further information may 
be found in NASA TM85643 [N83-270181 
NSp], "Ultrasonic Mixing of Epoxy Curing 
Agents" [$7]. A copy may be purchased 
[prepayment required] from the National 
Technical Information Service, Springfield, 
Virginia 22161. 
LAR-13307 
Ultra -High -Molecular-Weight Silphenylene/Siioxane Polymers 
A new process produces highly 
stable synthetic rubbers. 
Marshall Space Flight Center, Alabama 
Elastomers having molecular weights 
above 1 million have been made by two-
stage polymerization. Such elastomers re-
tain their mechanical properties even after 
long exposure to high-temperature oxidiz-
ing environments. A laboratory process 
was scaled up to yield 50-gram quantities 
of the elastomer without loss of molecular 
weight. 
The two-stage process proved to be far 
more successful than synthesis from reac-
tive monomers. The process involves the 
synthesis of a silanol-terminated prepoly-
mer and subsequent extension of the pre-
polymer chain with additional aminosilane 
monomer. 
In an experiment, a prepolymer was 
syntheSized (see figure) by the reaction of 
1 ,4-bis(hydroxymethylsilyl)benzene with 
bis(dimethylamino)dimethylsilane in tolu-
ene in a nitrogen atmosphere at 109 0 to 
1120 C. After cooling, the prepolymer was 
preCipitated in methanol, purified, and 
dried. The polymer was synthesized by re-
acting the prepolymer with more bis(di-
methylamino)dimethysilane in the same 
manner as before. 
Molecular weights near and above 106 
were obtained conSistently. The greater ef-
fectiveness of the two-stage technique in 
comparison with the reactive-monomer 
process is probably a result of the greater 
control of stoichiometry afforded by the 
former. The multistage method allows the 
chain-eXtending monomer to be added in 
precise amounts between the stages. 
This work was done by W J. Patterson, 
N. H. Hundley, and L M. Ludwick of Mar· 
shall Space Right Center. Further infor-
mation may be found in NASA Technical 
Paper 2295 [N84-195641NSPl "Ultra-High 
Molecular 't\eight Silphenylene-Siloxane 
Polymers" [$7]. A paper copy may be pur-
chased [prepayment required] from the 
National Technical Information Service, 
Springfield, Virginia 22161. The report is 
also available on microfiche at no charge. 
To obtain a microfiche copy, Orcle 80 on 
the TSP Request Card. 
MFS-27065 
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The Steps in the Two-Stage Polymerization Process are the synthesis of the prepolymer 
and the synthesis of the elastomer with the additions of the chain-extending monomer to 
the prepolymer. 
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Cast Iron With High Carbon Content 
Solidification in low gravity would 
ensure uniform distribution of graphite. 
Marshall Space Flight Center, Alabama 
A method has been proposed for solidi-
fying high-carbon cast iron without carbon 
particles segregating at the upper surface. 
Solidification would be carried out in low 
gravity, for example on an airplane flying a 
free-fall parabolic trajectory. 
On Earth, buoyant forces on the relative-
ly light carbon particles cause them to float 
to the top of the molten iron. However, at 
low gravity, the carbon particles would be 
distributed homogeneously throughout the 
iron. 
The proposed method is based on ex-
periments on solidification in an airplane 
flying parabolic arcs. Graphite flotation in 
samples of a few millimeters in size was re-
duced to between_one-hundredth and one-
us. Government 
Checks Have A 
Brand New Look. 
In the coming months, all 
punched-card government checks will 
be replaced by the new U.S. 
Government check. 
The design features the Statue of 
Liberty over a multicolored 
background ranging from light blue to 
pale peach. A pattern of the letters 
·'USA." is printed in ~e blue on the 
reverse Side. 
Be looking for the new checks. 
And please keep in mind that 
the old punched-card checks are 
still good! 
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Department of the Treasury 
Financial Management Service 
A public service of this publication. 
thousandth its "normal" values. 
Hypereutectic (high-carbon) cast iron 
directionally solidified in low gravity has 
large, unaggregated carbon nodules dis-
tributed evenly throughout the casting. In 
contrast, cast iron of the same overall 
composition solidified in the same manner 
but, at Earth gravity, has large, aggregated 
modules concentrated at the top of the 
casting. 
Similarly, hypereutectic flake cast iron 
directionally solidified in low gravity has 
large flakes of carbon scattered uniformly 
throughout the casting and often alined 
with the direction of solidification. The 
same cast iron solidified at Earth gravity 
has no large flakes in the bottom portion of 
the casting and large aggregated flakes in 
the upper portion. 
Many different microstructures could 
be obtained by the proposed technique, 
and the percentage by weight of carbon 
that could be retained in the melt would be 
much higher than it is at present. For ex-
ample, by increasing the weight fraction of 
carbon to more than 10 percent, the vol-
ume fraction of carbon would be increased 
to over 50 percent, resulting in an iron/car-
bon composite of greatly reduced density. 
This work was done by Peter A. Curreri 
of Marshall Space Flight Center and 
John C. Hendrix and Doru M. Stefanescu 
of the University of Alabama. No further 
documentation is available. MFS-28014 
Beta Silicon Nitride Whiskers 
A process forms whiskers of strong, 
stable, heat-resistant material. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
A process for growing fibrous beta sili-
con nitride may help to meet the potentially 
great demand for silicon nitride ceramics. 
These ceramics have high tensile strength 
and resistance to thermal shock, which 
make them an attractive choice for high-
temperature engine parts. 
The process is a modification of an ex-
isting process for growing whiskers of 
cubic silicon carbide and alpha silicon ni-
tride. Silicon monoxide, generated by the 
reaction of carbon and silica at 1,450° C, is 
reacted with a stream of ammonia mixed 
with hydrogen, carbon monoxide, andlor 
nitrogen. The JPL version of the process 
uses higher temperatures and flow rates in 
conjunction with a simple tubular configu-
ration of the reaction chamber. 
The silicon nitride forms as a layer of 
white corklike material, up to 6 mm thick, 
covered with a satin-textured parallel 
growth of whiskers. The whiskers are 
single crystals of beta silicon nitride, about 
1 f4Tl in diameter and up to 5 cm long. The 
corklike material appears to be a lightly 
packed mesh of submicron beta sial on 
whiskers. 
The whiskers are expected to find appli-
cation as reinforcement in composite silicon 
nitride ceramic parts. The corklike material 
may be useful in its present form for ther-
mal barrier tiles. Work must still be done, 
however, to identify what catalyst, if any, is 
operating in the process and to relate proc-
ess parameters to the form and composi-
tion of the products. 
This work was done by R. James Holliday 
of the John Brown University and Paul J. 
Shlichta of Caltech for NASA's Jet Pro-
pulsion laboratory. For further informa-
tion, Circle 3 on the TSP Request Card. 
NPO-16409 
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Books and Reports 
These reports, studies, and hand-
books are available from NASA 
as Technical Support Packages 
(TSP's) when a Request Card 
number is cited; otherwise they 
are available from the National 
Technical Information Service. 
Mechanical Design 
Handbook for Elastomers 
Step-by-step procedures are 
presented for designing 
elastomer dampers. 
A Mechanical Design Handbook for 
Elastomers has been written that reviews 
the state of the art in elastomer·damper 
technology with particular emphasis on the 
applications of high-speed rotor dampers. 
It is a self-contained reference but does in-
clude rome theoretical discussion to help the 
reader understand how and why dampers 
are used for rotating machines. 
This handbook presents a step-by-step 
procedure for the deSign of elastomer 
dampers and detailed examples of actual 
NASA Tech Briefs, Winter 1985 
elastomer damper applications. Dampers 
of this type have been shewn to be effective 
for controlling rotor vibrations; however, a 
historic lack of design data and designer 
experience with elastomer dampers has 
inhibited the expansion of their application. 
The term "elastomer" refers to a large va-
riety of synthesized polymers as well as to 
natural rubber. The purpose of this hand-
book is to provide such data in a compact 
and convenient form and to encourage the 
use of elastomer dampers and elastomeric 
damping treatments. 
A portion of the design data contained in 
this handbook is relevantto many mechan-
ical design problems and applications of 
elastomers. For example, the elastomer 
dynamic-property data may be utilized in 
the design of structural supports for shock 
and vibration isolation and insulation. 
Some basic information regarding the ef-
fect of structural damping is included in 
this work. Specific information concerning 
the design of such structural members is 
beyond the scope of this handbook, but an 
extensive bibliography is provided at the 
conclusion of each chapter to aid the de-
sign engineer in finding a solution to the 
problem. 
The specific steps required for the de-
sign of elastomer dampers are reviewed in 
detail and include the procedures and justi-
fications for the selection of a particular 
elastomer material and a particular elas-
tomer configuration as well as the details 
involved in the design of the damper hard-
ware. In order to provide as complete a ref-
erence as possible, a full range of such 
physical properties as density and thermal 
conductMty are also provided for a large 
variety of elastomer compositions. Such 
considerations as compatibility with fluid, 
ozone, and adhesives are also presented 
along with specific compatibility data for 
several elastomer materials. 
For the designer who finds it necessary 
to determine the dynamic properties for a 
particular elastomeric material, or for an 
elastomeric material for which the dynam-
ic properties are not available, a thorough 
discussion of the most common dynamic-
property test methods is presented. This 
handbook includes a detailed description 
of the procedure for performing the base-
excitation resonant -mass test, which is the 
most versatile and the least sensitive to in-
strumentation error. Detailed examples of 
existing elastomer dampers are dis-
cussed, along with the steps encountered 
in the design process, to provide the reader 
with a complete picture of the design 
procedure. 
This work was done by M. Darlow and E. 
Zorzi of Mechanical Technology, Inc., for 
Lewis Research Center. Further informa-
tion may be found in NASA CR-3423 [N81-
26461INSPJ, "Mechanical Design Hand-
book for Elastomers" [$28]. A copy may be 
Sonix is here! It's the new pres-
SW'e transducer that's small,accurate, 
rugged and stable. And best of all, 
it outputs data in corrected engi -
neeringunits. 
Because Sonix is a smart trans-
ducer; its apphcations go far beyond 
calibration of other transducers. 
And since the internal micro-
computer compensates for systema-
tic and temperature-dependent 
errors, you get rehable, repeatable 
results. 
To find out more great news, call 
or write PSI ... the leaders in digital 
pressure measW'ement technology. 
• ± O.Ol%FS. accuracy/ 
stability 
• Corrected digital output 
• Applications include 
metrology. ilight test and 
lab cahbration 
+-PRESSURE SYSTEMS 
15Research Dnve, Hampton, VA 23666 (804) 865-1243 
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purchased [prepayment required] from 
the National Technical Information Ser-
vice, Springfield, Virginia 22161. 
LEW-141flJ 
Constitutive Equations of 
Aging in Polymers 
Stress-relaxation and creep 
chemomechanical behavior 
are analyzed. 
A theoretical paper presents solutions 
of equations that describe polymeric ag-
ing. The solutions apply under such loading 
conditions as constant strain (stress relax-
ation), constant strain rate, and stress re-
laxation with a sudden change of cross-link 
density. These theoretical models form a 
framework for predicting the chemome-
chanical aging behavior of elastomers and 
polymers. 
The previous constitutive equation de-
scribing the relaxation behavior of time-
dependent, chemically unstable materials 
was developed by employing the irreversi-
ble thermodynamics of internal variables 
and Eyring's absolute-react ion-rate theory. 
Related equations (also developed previ-
ously) include a set of evolution equations 
that can account for the effect of the 
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chemical-cross-link density on the relaxa-
tion rate and a rate equation that describes 
mechanically coupled chain-scission 
processes. 
The report begins with a review of the 
previously derived equations in the context 
of deformation kinetics. These equations, 
which represent the coupled chemome-
chanica I behavior of a polymer, are quite 
general and apply irrespective of the con-
stitutive properties of a material. They are. 
however, complicated and highly nonline-
ar, and hence not tractable analytically in 
the general case. 
In applying the equations to particular 
cases, simplification is achieved by select-
ing such particular conditions as constant 
temperature or by making specific, simpli-
fying assumptions about the nature of the 
process being modeled. For example, in 
the first of three cases considered, relaxa-
tion is assumed to occur without chain 
scission. The resulting equation states that 
the shift factor due to the cross-link density 
is an exponential rather than a power func-
tion of chemical cross-linking density. The 
temperature dependence is included 
implicitly. 
In the second case, chain scission is as-
sumed to occur without physical relaxation 
and at constant temperature. The equation 
derived under these assumptions is shown 
to be in agreement with certain high-
temperature sciSSion-process data where 
no physical relaxation occurs. 
In the third case, both physical relaxa-
tion and chemical aging are assumed to 
occur simultaneously With constant tem-
perature assumed, three different loading 
histories are investigated: Stress relaxa-
tion, constant strain rate, and stress relax-
ation with a sudden change of cross-link 
density. 
In the final section of the report on creep 
behavior, the introduction of the Gibbs free 
energy leads to constitutive equations ex-
pressed as functions of stress and temper-
ature. Using a three-element model that is 
mathematically equivalent to the model of 
two springs in parallel , with one of them in 
series with a dashpot, the equations thus 
derived show, for the first time, the rela-
tions between mechanical models and in-
ternal variables in the creep expressions. 
The final set of equations presented de-
scribes the coupled chemomechanical 
behavior of a nonaging network polymer 
undergoing simple creep at constant tem-
perature and stress. These equations ex-
plicitly express the effect of chain scission 
on the creep rate. 
This work was done by Steven T. J. Peng 
of Caltech for NASA's Jet Propulsion 
laboratory. To obtain a copy of the report. 
"Constitutive Equations of Aging PolymeriC 
Materials. " Circle 90 on the TSP Request 
Card. 
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There is a 
Solution. 
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[] board failure 
D read-write errors 
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o costly downtime 
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compact it can be operated for vis~al and digital MOTI ON 
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motions. Adjustment also allows viewing the action in (((( 
slow motion to study interacting parts. Can also be 
The above headaches, caused by 
spikes, surges, transients, common 
and normal mode noise, effect all 
micro-processor based equipment. 
A word of caution: 
The industry today is being inundated with filters and 
surge suppressors of all types, shapes and prices. Do 
not be misled by grossly exaggerated performance 
claims. Tycor· has been the leader In the AC Power 
line Filter Industry for 10 years and Its products 
continue to meet and exceed the rigid performance 
tesls Imposed by the Industry. 
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Solidifying Cast Iron in 
Low Gravity 
Directional solidification can 
produce higher carbon 
content alloys and directional 
thermal conductivity. 
the regions solidified under low gravity. The 
coarsening is explained by the absence of 
flotation, which allows long flakes of graph-
ite to be incorporated into the solidification 
front. 
This work was done by J. C. Hendrix, 
A report describes a study of the solidifi-
cation of cast iron in low and normal grav-
ity. Because flotation, sedimentation, and 
convection are suppressed, alloys that s0-
lidify at nearly zero gravity have unusual 
and potentially useful characteristics. 
High-phosphorus, flake-graphite iron 
samples had larger eutectic cells in the 
low-graviity zones. These cells were fol-
lowed by bands of coarse graphite. Thus, it 
seems that convection favors increased 
nucleation. 
P. A. Curreri, and D. M. StefanescuofMar· 
shall Space Right Center. To obtain a 
copy of the report, "Directional Solidifica-
tion of Flake and Spheroidal Graphite Cast 
Iron in Low and Normal Gravity Environ-
ment, " Circle 43 on the TSP Request Card. 
MFS-27069 
The study was conducted in an airplane 
that repeatedly flew along parabolic trajec-
tories. During these maneuvers, the gravi-
tation perceived in the airplane was about 
0.001 to 0.1 of its normal value for 20 to 30 sec-
onds. A directional-solidification furnace 
was used to slowly advance the solidlliquid 
interfaces along rod-shaped cast iron 
samples of 4-mm diameter. For each sam-
ple, controlled solidification was continued 
through several dives. The known solidifi-
cation rate of the sample was then corre-
lated with accelerometer data to deter-
mine the gravity level during solidification 
at any point in the sample. 
In low-phosphorus, flake-graphite sam-
ples, bands of coarse graphite appeared in 
The spheroidal-graphite samples were 
similar to the flake-graphite samples in that 
they had bands of larger graphite nodules 
corresponding to regions of low gravity. 
This is a consequence of graphite flotation 
in normal gravity and incorporation of the 
graphite in the solidification front in low 
gravity. 
Thus, it appears that iron/carbon alloys 
made at low gravity can have greater car-
bon content (as high as 5 to 10 percent) 
than those made at Earth gravity because 
the carbon particles do not float to the top 
of the melt. With directional solidification, 
low-gravity iron/carbon alloys might also 
be made with highly directional properties. 
For example, thermal conductivity can be 
made very high along the solidification axis 
and very low across this axis. 
Employers 
TycorAC 
Power Line 
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Under the new Job Training Partnership Act, 
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the POWERful Solution. 
Tycor filters eliminate the need for dedicated 
lines, costly re-boots, decrease down-
time, service calls, board replacement, and 
the need for large spare parts inventory. 
They have proven to be cost effective in less 
than 3 days on problem sites and 90 days on 
typical sites. 
(actual field evaluations by national com-
panies show an 81% decrease in service calls) 
TYCOR ELECTRONIC PRODUCTS LTD. 
Head Office: 
6107 - 6th Street S.E. 
Calgary, Alberta, Canada 
T2H 1L9 
FOR A DISTRIBUTOR 
NEAREST YOU CAU 
TOLL FREE: 
1-800-881·8283 
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Mass Spectrometer for 
Airborne Micro-Organisms 
Bacteria flow continuously to 
an analytical instrument. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
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Figure 2. Mass Spectra for three different microbe species illustrate their discernible dif-
ferences. Because they are made from essentially the same molecular building blocks, 
the micro-organisms share similar spectral features - for example, intense peaks at 
about 150 mass units. However, the relative intensities of the various peaks differ among 
the species. Some distinguishing mass peaks can also be seen. 
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OSCILLOSCOPE 
QUADRAPOLE MASS 
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Figure 1. The Sampling System includes an injection apparatus that introduces bacteria particles In the form of a beam Into the source 
of the mass spectrometer. The particles are volatilized on a hot filament, then ionized, then analyzed in the mass spectrometer. 
Bacteria and other micro·organisms 
may be identified continuously with the aid 
of a new technique for producing samples 
for a mass spectrometer. The technique 
generates an aerq>Ol of the organisms and 
feeds it to the spectrometer. A given species 
of organism produces a characteristic set of 
peaks in the mass spectrum and might 
thereby be identified. The technique may be 
useful for monitoring bacterial makeup in 
environmental stucfJeS and in places where 
cleanliness is essential, such as hospital 0p-
erating rooms, breweries, and pharmaceu-
tical plants. 
In the laboratory version of the system, 
any one of three species of bacteria is al-
lowed to deposit and grow for 40 hours in a 
culture medium composed of tryptone, 
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yeast extract, glucose, and sodium chloride. 
The culture is harvested by repeated wash-
ing with distilled water, then suspended in dis-
tilled water and refrigerated. In preparation 
for analysis, the sample medium is con-
verted from water to ethanol by washing in a 
series of water/ethanol solutions of increas-
ing ethanol concentration, ending with 100 
percent ethanol. 
An aerosol containing the biological parti-
cles is generated by nebulizing the liquid 
suspension. A stream of nitrogen gas car-
ries the aerosol through a charge neutra-
lizer, then through a drier. The aerosol, after 
expansion into vacuum through the capil-
lary nozzle, produces a beam of bacteria 
particles. The heavier aerosol particles con· 
tinue on a straight path into the mass spec-
trometer (see Figure 1), whereas the light 
carrier-gas molecules are pumped off up-
stream of the nozzles. 
The particles impinge on a hot rhenium 
filament at 740° C in the ion source of a 
quadrapole mass spectrometer. The parti-
cles vaporize on the filament and are i0-
nized by electron bcxrtarcinent at an energy 
of 40 electron \dts. The b1s are accelerated 
i1to the mass spectrcmeter, ....rere the spec-
tIaJ measurements are made. The particle-
injection-and-ion-generation scheme is 
highly effICient: Up to 70 percent of the ma-
terial in the aerosol reaches the 
spectrometer. 
A burst of ions lasting for about 100 mi-
croseconds is produced by each micro-
organism. Bacterial species can be distin-
123 
124 Circle Reader Action No. 358 
guished via slight differences in their mass 
spectra (see Figure 2). The average intensity 
of mass peaks is determined from the pulse-
height distribution of about 1,CXXJ ion bursts. 
Although the laboratory version of the sys-
tem requires a bacterial culture to generate 
a number of particles large enough to sam-
ple, vvork is in progress to develop a more 
sensitive system that can operate directly 
Books and Reports 
These reports, studies , and hand-
books are available from NASA 
as Technical Support Packages 
(TSP's) when a Request Card 
number is cited ; otherwise they 
are available from the National 
Technical Information Service. 
Preadapting to 
Weightlessness 
This training concept could 
prevent motion sickness. 
A report discusses the physiological and 
physical concepts of a proposed training 
system that would precondition astronauts 
to a weightless environment. The system 
could prevent motion sickness, which is 
often experienced during the early part of 
an orbital flight. It may also help to prevent 
seasickness and other forms of terrestrial 
motion sickness. 
In one form of the proposed system, a 
training subject sits on a three-dimensional 
platform that can pitch, roll, and yaw Slight-
ly. Belts and braces prevent the subject 
from moving the head or torso. A box 
measuring 8 feet (2.4 meters) on a side sur-
rounds the subject. Projectors outside the 
box cast images of visual scenes on its 
walls. 
The system would change the scene in 
response to attempted head and body 
movements by the subject. The change 
would simulate the motion that would be 
observed by the subject if he or she were 
weightless. In space, the entire visual 
scene moves in reaction to a head move-
ment, and changes in the perceived scene 
are different from those that would be 0b-
served if the body was not weightless. For 
example, when the subject uses the con-
trols to command forward movement, the 
scene on the front wall enlarges, the 
scenes on the side walls pan rearward, 
and the table pitches the subject back 
slightly. 
from ambient air. It should eventually be 
possible to obtain a complete mass spec-
trum from a single particle. 
This work was done by Mahedeva P. 
Sinha and Sheldon K. Friedlander of UCLA 
for NASA's Jet Propulsion Laboratory. 
For further information, Circle 102 on the 
TSP Request Card. NP0-16359 
In addition to this simulation of transla-
tional movement, rotation is simulated by 
rotating the box instead of the subject. The 
subject's head is prevented from moving, 
but transducers in the head restraint sense 
the forces of incipient movement and gen-
erate the signals that rotate the box. 
The training would affect the subject's 
perception of inner-ear signals, visual sig-
nals, and kinesthetic motion perception. 
The changed perception would resemble 
that of astronauts who have spent many 
days in space and have adapted to 
weightlessness. 
The effect of the force of gravity on the 
inner ear is minimized during training by 
maintaining the gravity vector close to the 
vertical axis of the subject's body regard-
less of the orientation of the box. The effect 
of gravity is further reduced by computer 
control of the visual scene motion and the 
slight pitch, roll , and yaw of the table. Gravi-
ty "washout" algorithms, some of which 
have already been developed for aircraft 
Simulators, can be used for this purpose. 
Subjects would probably become mo-
tionsick when they first use the simulator. 
With repeated exposures, however, the 
brain would learn how to deal with the unfa-
miliar stimuli , and the symptoms would 
diminish. 
This work was done by Millard F. 
Reschke of Johnson Space Center, and 
Donald E. Parker and A. P. Arrott of Miami 
University. 
Title to the invention described in this re-
port has been waived under the provisions 
of the National Aeronautics and Space Act 
(42 U.S.c. 2457(f)) to the Miami University. 
Oxford, Ohio 45056. 
MSC-20847 
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capture the Glory! 
Now you can own 
this collector's print, 
commemorating 
Columbia's exploits, 
at an exceptional 
introductory price. 
Noted aviation artist Ken Kotik has 
captured Columbia in all its glory to 
commemorate the completion of four 
test flights and the first operational 
mission, STS-5. This fine print-truly 
a collector's item-depicts the orbiter 
in full color, side view, with every 
feature crisply detailed. 
Arranged beneath the ship, also 
in full color, are the five distinctive 
mission patches. But what makes 
Ken Kotik's work most unique is his 
method of creating a 'historical 
panorama' via individual vignettes 
surrounding the side view 
of Columbia. 
Educational as well as eye-appeal-
ing, these scenes, which are expertly 
rendered in a wash technique, 
include such subjects as the orbiter 
under construction at Rockwell, on 
the launch pad, at touch-down and 
during transit on its 747 carrier. 
Concise copy, hand-written by the 
artist, accompanies each vignette. 
(Important: The greatly reduced print 
reproduced here is intended only to 
show style-at the full 32" by 24" 
size, all copy is clearly readable.) 
About the artist. 
Ken Kotik, a 37-year old Colorado 
native, has been a professional com-
mercial artist for the past 14 years. In 
his own words, he "eats, drinks and 
sleeps flying." It shows in the obvious 
care and attention he brings to each 
print or mural. When not at his draw-
ing board creating artworks for such 
prestigious institutions as the Air 
Force Academy, Ken can be found 
at the controls of his Schweitzer 
sailplane, in which he competes 
nationally. A self-taught artist , he 
specializes in airbrush-applied acrylic 
techniques. Space Shuttle Columbia: 
The Pathfinder is his first work on the 
space program, and the original art 
has been accepted by the Smith-
sonian Air and Space Museum for 
its permanent collection. 
About the artwor1t. 
Space Shuttle Columbia: The Path-
finder was printed in five colors, after 
individual press proving, on exhibit-
quality 80 Ib text 'Hopper Feltweave' 
textured paper. The feltweave texture 
yields properties most desirable for 
framing and display. 
About ordering. 
Each Columbia print comes packed 
in a sturdy mailing tube and will be 
shipped upon receipt of your order 
at the introductory price of $9.95. 
Please allow two to three weeks for 
delivery. There is a one-time first 
class postage and handling charge 
of $2.50 for each order. (If you order 
three prints, for example, you still 
include only $2.50 for postage and 
handling to cover the entire order.) 
To ensure that you receive your 
prints without delay, fill out and mail 
the coupon today, including check 
or money order only and local tax 
where applicable. If coupon has 
been clipped, mail your order to: 
NASA Tech Briefs, Columbia Print 
A Offer, 41 E. 42nd St., New York , 
ctual size: 32" WI"d NY 10017. 
e by 24" hi gh -l!!, fUll Color! 
( $17.95 for two' $26.95 
' for three' $795 
, . each add't' Iional plus 
postage and handling.) 
MONEY BACK GUARANTEE 
If not completely satisfied, return undamaged print, 
in wrapper, within 10 days for a full refund of 
print purchase price. 
l~ailto:NASATeCh8rief:-------- -- - - - --, 
I Columbia Print Offer Please rush Columbia prints. I 
41 East 42nd SI. I have enclosed $ plus $2.50 I New York, N.Y. 10017 I 
for first class postage and handling. 
I Total enclosed: $ I 
I I I Name I 
I " "Address I 
I City State --Zip I 
I Note: One print $9.95; two New York Slate reSIdents add 7'lb sales laX. I $17.95; three $26.95; each New York CIty residents add 815% sales tax. 
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Latch for Telescoping Structures 
A four-bar linkage is activated by the 
relative movement of longeron sections. 
Langley Research Center, Hampton, Virginia 
A latch for a three-member telescoping 
column was originally developed for the 
deployment of an antenna 122 meters in di-
ameter. Illustrated in Figure 1, the antenna 
is being designed as a candidate Space 
Shuttle cargo. 
The deployable column along the axis of 
the antenna is an open lattice structure 
with three longerons as the principal load-
bearing members. The column is divided 
into telescoping sections that deploy, one 
section at a time. The latch automatically 
locks the sections into position during de-
ployment and unlocks them when the an· 
tenna is restowed. The latch is a four-bar 
linkage using the over-center principle for 
locking, with Belleville spring washers to 
absorb deflections. 
The main column is composed of 23 tel· 
Deployable 
Column 
escoping sections. Each section has three 
longerons spaced 120° apart with a latch 
located at the end of the longerons. There 
are 63 identical latches in the column. The 
latch fits within the O.75-in. (19.05-mm) di-
ameter longeron. A servomotor applies a 
tensile force to cables that are threaded 
through each set of longerons. The same 
servomotor may be used for retrieval by 
pulling on a single cable that is threaded 
through the center of the column and is at-
tached to the top column section. 
Deployment of column sections initiates 
the rotation of an actuator arm (see Figure 2) 
that is extended into the housing at the 
base of each longeron. As longerons Band 
C move relative to longeron A, the latch re-
straining arm and actuator arm rotate. The 
actuator arm rotates into an over-center 
Hoop 
Figure 1. The Large Hoop/Column Antenna must be deployed and restowed while in orbit. 
It is divided into telescoping sections that are deployed after the antenna is placed in or-
bit. The antenna may be as large as 400 ft (122 m) in diameter, with the electronic feed sys-
tem suspended on a 279-ft (850m) column. 
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Longeron 
B 
Pin 
O· DEPLOYED 
Restraining Surface 
Arm B 
45· DEPLOYED 
Actuator 
Arm 
DEPLOYED 
Figure 2. The Restraining Arm and Actuator Arm control movement in the deployment sequence. Deployment of the column sections ini-
tiates latching. 
position, locking the linkage. After latching 
over center, further rotation is stopped 
when surface A of the restraining arm 
mates with surface B of the actuator arm. 
The stops of longerons A and B merge into 
position engaging two guide pins, which 
force alinement and restrain shearing 
motion. 
The Belleville spring washers and piston 
housed at the top of each longeron are an 
integral part of the latching mechanism. As 
the restraining arm swings toward the 
Water-Thickness Gage 
locked position, it drives the piston against 
the washers causing them to compress. (In 
general, over-center mechanisms rely on 
the four -bar linkage to deflect when moving 
to an over-center position. This was unac-
ceptable for the latch because the small 
size caused excessive stress in the pins 
and linkage.) The Belleville spring washers 
absorb most of the deflections and limit the 
maximum force necessary to latch. The re-
sulting preload of spring and actuator arms 
is set to provide a rigid column for the ex-
Dual-sensor measurement is independent of water conductivity_ 
Langley Research Center, Hampton, Virginia 
A gage for determining the depth of 
water buildup on the outside of aircraft is 
relatively simple to operate and yields a re-
sult independent of the conductMty of the 
water. The gage can be used 'to evaluate 
the effects of water on lift and to detect 
water weight excesses. 
The gage is shown schematically in the 
figure. It features two pairs of conducting 
platinum wires, with 0.001-in. and O.02O-in. 
(O.025-mm and O.508-mm) diameters, re-
spectively, immersed in an insulating mate-
rial. Two ac circuits measure the resis-
tance between each pair. 
Airflow 
NOTE: Dimensions are In inches. 
peeted external loads. 
This work was done by Elvin L MI, Jr., of 
Langley Research Center. For further in-
formation, Orcle 93 on the TSP Request 
Card. 
This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive li-
cense for its commercial development 
should be addressed to the Patent Coun-
sel, Langley Research Center [see page 
29]. Refer to LAR-13169. 
Resistance-
Measuring 
Circuit 1 
Water 
Thickness 
! 
/ 
If a single pair of wires is used in an ac 
resistance-measuring circuit (ac to pre-
vent electrolysis or polarization), the output 
is a function of both water thickness and 
water conductMty for a given electrode 
geometry. The use of two pairs of wires 
eliminates the effects of the variable con-
The Dual-Sensor Gage eliminates the effects of water conductivity, providing a direct cor-
relation between resistivity and water thickness. 
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ductivity of the water and yields resistance 
changes that are directly related to the 
water thickness. 
Successful tests of the dual-gage sen-
sor have shown that a gage wire pair with a 
sufficiently small circular cross section 
yields a resistance change that is nearly in-
dependent of water thickness. This deter-
mines the resistivity. If the gage has wires 
with diameters several times the water 
thickness, the relationship between resis-
tivity and thickness is linear. The combina-
tion of the two outputs then gives the water 
thickness. If water thicknesses smaller 
than the small wire sensor are encoun-
tered, results are in error. Thus, the small 
wire should be smaller than the thinnest 
sheet of water measured. 
This work was done by Leonard M. 
Weinstein of Langley Research Center. 
No further documentation is available on 
the dual-thickness gage. Preliminary re-
sults of a test to evaluate a single sensor for 
measuring water-film thickness are pre-
sented in NASA TM-85796 [N84-27677/ 
NSP], "Preliminary Indications of Water 
Rotary Speed Sensor for Antilocking Brakes 
It uses inlet pressure, rather than 
outlet pressure, for the control signal. 
NASA 's Jet Propulsion Laboratory, Pasadena, California 
A sensor based on fluidic prinCiples pro-
duces a negative pressure approximately 
proportional to rotational speed. The sen-
sor is being developed as part of an anti-
locking brake system for motorcycles. It 
uses the inlet pressure rather than the out-
let pressure as the braking-control signal , 
eliminating the pressure pulsations caused 
by the pump vanes and thus ensuring a 
low-noise signal. 
The sensor is a centrifugal air pump that 
is turned by one of the motorcycle wheels. 
Air enters the pump through orifice plates, 
and the sUQtion is taken off through a port 
O in the pump inlet plenum (see figure). The suction (negative pressure) at a sim-ple inlet would be proportional to the square of the pump angular speed. How-
ever, the combination of orifice plates and 
intake resistance results in a negative-
pressure output that varies approximately 
linearly with angular speed. 
Exhaust 
Film Distribution and Thickness on an Air-
foil in a Water Spray" [$7]. A copy may be 
purchased [prepayment required] from 
the National Technical Information Ser-
vice, Springfield, Virginia 22161 . 
This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive li-
cense for its commercial development 
should be addressed to the Patent Coun-
sel, Langley Research Center [see page 
29]. Refer to LAR-13342. 
Before the vacuum signal enters the 
main fluidic amplifier of the control system, 
it passes through a fluidic differentiator. 
This component produces a signal that is 
approximately proportional to the rotary 
acceleration of the pump. 
~~~-
rJl~~~~ Intake Tube 
In a prototype recently tested, the vacu-
um signal lagged changes in rotary speed 
by about 64 milliseconds. However, byopti-
mizing the volume of the inlet plenum and 
the resistances of the orifices, it should be 
possible to reduce the response time one 
quarter of its present value. 
This work was done by C. Martin 
Berdahl of Caltech for NASA's Jet Pro-
pulsion Laboratory. For further informa, 
tion, Circle 5 on the TSP Request Card. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA Resi-
dent Office-JPL [see page 29]. Refer to 
NPO-16479. 
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of High 
Resistance 
to Flow 
The Centrifugal Air Pump creates a suction at a port in its inlet plenum. The suction 
increases approximately linearly with pump speed. 
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Calculating Bearing Forces From Strain-Gage Signals 
Orthogonal force components are obtained 
with minimal processing. 
Marshall Space Flight Center, Alabama 
A technique for obtaining force compo-
nents on a cylindrical bearing hotder uses 
pairs of opfX)Sing strain gages. Signals pro-
portional to the outputs of pairs of opfX)Sing 
gages are subtracted from each other. The 
subtraction nearly eliminates crosstalk be-
tween orthogonal force components. Since 
the output is two Signals proportional to the 
orthogonal force components, the instan-
taneous load vector can be displayed simul-
taneously on an oscilloscope. The outputs 
can also be processed for simultaneous or 
subsequent analog or digital analysis. The 
technique should be quite useful in testing 
rotating machinery. 
As shown in Rgure 1, four gages are 
placed at 90° intervals on the circumfer-
ence of the bearing holder. The output of 
each gage includes two strong compo-
nents, the first of which is due to lateral m0-
tion (along the local radius) and the second, 
to elliptical distortion. The equations in the 
figure are equivalent to 
Y2 (S1 _ 8:3) = 
K, K3 
and 
Fsin B + Y2 F ( Lt - L2 ) cos 2e 
K4 K2 
Since in practice L,/K, ::: L;lK3 and LJ~ 
::: LiK2' the elliptical-distortion terms pro-
portional to cos 2B are small and can be ne-
glected. The remaining terms, Fcos e and 
Fsin e, are just the orthogonal force compo-
nents Fx and Fy, respectively. The multiplica-
tion and subtraction to obtain these c0m-
ponents are easily done electronically. 
The gage coefficients Ki and Li must be 
known in advance to set the amplifier gains 
for the multiplications. To obtain the coeffi-
cients for each gage, a calibration curve 
is generated by awlying a load at various 
angular positions relative to the gage (see 
FlQure 2). The coefficients are calculated 
by adding and subtracting the values at the 
0° and 180° points of the curve. 
This signal-processing technique is 
equally awlicable to rotating as well as to 
stationary loads. For a machine rotating at 
angular speed w, the angle at time t is given 
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Gage 1 
Gage4 
lr--Bearing F Holder __ I 
Undistorted --
'-"~ __ Gage 3 
'~arlng HOlde~­
Distorted by 
Load F 
NOTE: 
F = Load Force 
Si = Signal From Gage I 
KI = Sensitivity of Gage I to Lateral Motion Produced by Load 
LI = Sensitivity of Gage I to Elliptical Distortion Produced by Load 
S1/F = K1COS /I + L1cOS 2/1 
S2/F = K2sin /I - L2CoS 2/1 
SJlF = - K3cOS /I + L3cOS 2/1 
S4/F = - K4sIn /I - L4COS 2/1 
Fy 
Figure 1. Strain Gages at gO· Intervals produce signals proportional to the lateral motion 
and elliptical distortion of the cantilevered bearing holder. Gage signals are divided and 
subtracted by the circuitry shown in the block diagram to obtain perpendicular compo-
nents Fx and Fy of loading force F. 
by e = wI. The force components of the sig-
nals have angular frequency w, while the 
small elliptical-dIstortion components have 
angular frequency 2w. lt should therefore be 
possible to reduce the error components by 
low- or band-pass-filterIng the subtracter 
outputs. 
This work was done by J. R. Fenwick of 
Rockvolel/ International Corp. for Marshall 
Space Flight Center: For further informa-
tion, Orc/e 11 on the TSP Request Card. 
MFS-~ 
Figure 2. A Typical Calibration Curve 
shows the ratio of gage output signal to 
loading force at various loading angles, 8. 
Here, Kj = 1 and Lj = V2 . 
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Photo-Optical Blade-Vibration-Data Acquisition System 
Many optical probes monitor 
the blades on a spinning stage. 
Lewis Research Center, Cleveland, Ohio 
Techniques have been developed for 
measuring blade vibrations using optical 
sensors fixed in a casing around a bladed 
tUrbine-engine stage. Basically, the time of 
passage of an undeformed blade is com-
puted very accurately. The actual time of 
passage of each blade as it passes each 
optical probe is measured. Time differ-
ences are then directly related to the 
amount of blade-tip deflection. Samples of 
blade-tip deflection from all of the probes 
are then assembled to represent vibration 
histories of each of the blades. 
The measurement system coordinates 
and assembles the inputs of many optical 
probes (see figure) in order to monitor all of 
the blades on a spinning stage. Several 
points on every blade are monitored in or-
der to develop a quantitative measure of 
the overall bladed-stage response. 
Experimental determinations of blade-
vibration phenomena in gas-turbine en-
gines are extremely important to the ad-
vanced development of these engines. 
Many aspects of these vibrations were dif-
ficult to adequately predict or measure in 
any quantitative fashion. These include 
~ certain aspects of response to forced vi-brations, blade-flutter phenomena, and complex engine/structural interactions that 
occur during transient excitations. ,Advanced 
turbine-engine development requires a 
broader accounting for blade-vibration 
phenomena to meet future design goals for 
increased performance, decreased 
weight, fuel economy, and minimized user 
cost. 
Traditionally, blade-vibration phenome-
na on rotating members have been studied 
using strain gages. Signals generated on 
the blades are passed through either multi-
channel slip rings or telemetry devices. Sig-
nificant problems with these approaches 
include the degradation or loss of strain-
gage signals due to the hostile operating 
environment. Furthermore, the number of 
measurement points is limited by the ca-
pacity of available slipring devices. 
It is very difficult to quantitatively deter-
mine actual vibration patterns on rotating 
bladed stages with the limited number of 
measurement points available with strain-
gage techniques. In part, this is due to the 
complexity of these vibration patterns and 
the need to monitor many points in order to 
fully characterize these motions. With this 
new system, the difficulties normally asso-
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An Optical Probe is fixed in a casing to monitor the deflection of turbine-blade tips. 
ciated with strain-gage life and durability 
can be reduced. The costs associated with 
the mounting of the strain gages and the in-
stallation and maintenance of sliprings can 
be avoided. 
The complex bladed-disk responses be-
come increasingly more complicated as 
the stage is spun at operating speeds. The 
effects of aerodynamic and centrifugal 
loading and nonharmonic excitation result 
in very complex deformation patterns. Ex-
perimental methods were required for the 
measurement of many points on these ro-
tating systems in order to develop a better 
assessment of the dynamical state of the 
entire assembly. Holographic imaging 
methods with optical derotating prisms 
provide an excellent source of qualitative 
modal information for rotating stages that 
are visible. Strain-gaging methods are lim-
ited when considering a many-bladed 
structure because of the number of strain 
gages required and the limited number of 
channels available on slipring devices or 
telemetry systems. 
The instrumentation concept for meas-
uring blade-tip displacements employs 0p-
tical probes and an array of microcom-
puters. The concept represents a hitherto 
unknown instrumentation capability for the 
acquisition and direct digitization of deflec-
tion data concurrently from all of the blade 
tips of an engine rotor undergoing flutter or 
forced vibrations. System measurements 
are made using optical transducers that 
are fixed to the case. Measurements made 
in this way are the equivalent of those 0b-
tained by placing three surface-normal-
displacement transducers at different p0-
sitions on each blade of a bladed stage. 
The system directly digitizes a time de-
flection history containing a minimum of 
2,048 points for each of the three measure-
ment locations on each blade. For a 
64-blade rotor operating at 18,000 rpm, 
393,216 data points are taken in a mini-
mum sampling period of 70 ms. Alternate 
modes of operation can expand the samp-
ling period or acquire additional data from 
only selected subsets of the blading. Provi-
sions within the design automatically cor-
rect the data points for variations in rotor 
speed, nominal blade-to-blade and instru-
mentation probe misalinements, and 
either blade data points that are missed or 
extraneous blade data generated by for-
eign objects passing the optical probes. 
This work was done by Louis J. Kiraly of 
Lewis Research Center and John L. 
Frarey of Mechanical Technology, Inc. Fur-
ther information may be found in NASA 
TM-81382 [N8CH41131NSPj, "Digital Sys-
tem for DynamiC Turbine Engine Blade 
Displacement Measurements " [$7]. A 
copy may be purchased [prepayment re-
quired] from the National Technical Infor-
mation Service, Springfield, Virginia 22161. 
LEW-12BB7 
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Locking Pull Pin 
Redundancy secures this pin 
against shock and vibration. 
NASA's Jet Propulsion Laboratory, Pasadena, Galifornia 
A proposed self·locking pull pin cannot 
be accidentally released by shock or vibra· 
tion but can be intentionally released by a 
pull on a lanyard. Any rotational movement 
of the main pin traps a secondary pin. 
which then prevents further rotation and 
disengagement of the main pin. 
The secondary pin is inserted in a flange 
on the main pin (see figure). The main and 
secondary pins are inserted in a recepta· 
cle in which a pair of rotating disks engage 
helical grooves on the main pin. An O·ring 
helps to prevent the pins from rotating by 
exerting friction. A pull on the main pin can 
only force it out if the pin could spiral out by 
rotating between the disks. However. the 
secondary pin. secure in its own hole in the 
receptacle, prevents the main pin from ro-
tating. Moreover, the rotational force of the 
main pin would also act on the secondary 
pin, pressing it against its wall and locking it 
even more securely in its hole. 
A lanyard with end strands of different 
lengths can be used to extract the pull pin. 
A pull on the lanyard would first apply ten· 
sion to the shorter strand, which is at· 
tached to the secondary pin. The tension 
would pull the secondary pin out of its hole. 
The tension would then shift to the longer 
strand attached to the main pin. Wrthout 
the secondary pin to restrain it, the main 
pin would rotate and withdraw from the 
receptacle. 
This work was done by Thomas 0. 
Killgrove of Caltech for NASA's Jet Pro· 
pulsion Laboratory. For further informa· 
tion, Circle 88 on the TSP Request Card. 
Inquiries concerning rights for the com· 
mercial use of this invention should be ad· 
dressed to the Patent Counsel, NASA 
Pasadena Office.JPL [see page 29]. Refer 
to NPO-16233. 
Tension on 
Lanyard 
SECONDARY PIN INSERTED IN FLANGE 
Long 
Strand 
Short ::::>' 
Strand l ~------------~y~------------~ 
Lanyard 
BOTH PINS INSERTED IN RECEPTACLE 
Pulled Straight ,--_____ J..,, ____ _ 
, 
PINS BEING WITHDRAWN 
Disk 
The Vibration·Resistant Pull Pin is shown with the secondary pin inserted in the flange of 
the main pin at the top, fully Inserted In Its receptacle at the middle, and being withdrawn 
by the lanyard at the bottom. As long as the secondary pin is in the receptacle, the main 
pin cannot be extracted. 
Distributing Radiant Heat in Insulation Tests 
A silicon carbide blanket spreads heat 
more uniformly over the inSUlation specimens. 
Lyndon B. Johnson Space Center, Houston, Texas 
A thermally radiating blanket of stepped 
thickness distributes heat over an insula-
tion sample during thermal vacuum test-
NASA Tech Briefs, Winter 1985 
ing. Developed for testing surface-
insulation tiles used on the Space Shuttle, 
the blanket technique reduces the temper-
ature variation over the insulation surface 
to ± 25° F (± 14 ° C). Previously. it varied 
by as much as ± 100° F (± 56° C). 
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The blanket is placed in a test chamber 
between quartz heating lamps and the in-
sulation specimen (see figure) to serve as a 
secondary, heat-distributing radiator. The 
blanket is built up from layers of silicon car-
bide cloth. The loose weave of a single 
layer passes 30 to 35 percent of the inci-
dent thermal radiation. 
The layers are stacked in order of dimin-
ishing area, with the greatest thickness at 
the center. This thickness profile delays the 
heating of the middle but allows heat to be 
radiated quickly to the periphery of the 
specimen, which is ordinarily hard to heat 
because of the cold chamber wall and un-
evenness of the lamp reflectors. 
The blanket allows one to use the entire 
chamber area. It smooths out the tempera-
ture gradients that would otherwise be 
caused by uneven reflector or sample sur-
faces, or by the differing emissivities. Since 
edge effects are reduced, the area of the 
insulation specimen can be as large as the 
lamp array. A temperature probe is posi-
tioned at the center of the specimen. When 
the probe calls for more heat, more heat is 
Heating 
Lamps 
Test 
Specimen 
~ ~ ~ <) 
Temperature 
Probe 
Layers of SIC 
Black Cloth 
~ 
Cold 
Wall 
Woven of Silicon Carbide Fibers, a blanket spreads heat from quartz lamps evenly over 
the insulation sample. Because of fewer blanket layers toward the periphery of the sam-
ple, more heat init ially penetrates there for a more uniform heat distribution. 
initially applied at the periphery to keep it at 
about the same temperature as that of the 
center. 
This work was done by Heinz J. Freitag, 
Amador R. Reyes, and Mark C. Ammerman 
of Rockwell International Corp. for John-
son Space Center. No further documen-
tation is available. MSC-20878 
Smoothed Two-Dimensional Edges for Laminar Flow 
A passive method is proposed for install ing 
leading-edge devices on natural-laminar-flow wings. 
Langley Research Center, Hampton, Virginia 
A new concept allows a passive method 
for installing flaps, slats, ice-protection 
equipment, and other leading-edge de-
vices on natural-laminar-flow (NLF) wings 
without causing a loss of laminar flow. Two-
dimensional roughness elements in lami-
nar boundary layers are strategically 
shaped to increase the critical (allowable) 
height of the roughness. This would facili-
tate the installation of the leading-edge de-
vices by practical manufacturing methods. 
Region of Free I 
Shear Flow Over ~ 
Separation Bubbles 
Turbulent or 
Laminar 
Reattachment 
of Boundary 
Layer 
Modern airframe construction methods 
involving bonded or milled aluminum skins 
or cpmposite skins are sufficiently free 
from roughness or waviness for successful 
use of NLF for drag reduction. However, 
currently accepted NLF wing-design prac-
tices exclude the installation of leading-
edge devices to preserve the smoothness 
of the leading edge so that laminar flow 
can be maintained. On modern production 
airplane wings, an orthogonal step (for-
ward or aft facing) or a gap typically results 
at the joint between the main skin panels 
and the leading edge. These steps or gaps 
typically are sufficiently large to cause the 
transition of the laminar boundary layer to 
a turbulent boundary layer at the protuber-
Figure 1. laminar Separation Bubbles caused by a conventional two-dimensional rough-
ness element step force the boundary layer off the surface, which can result in transition 
to a turbulent boundary layer. 
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ance, greatly increasing the wing drag. 
The principal manufacturing challenge 
is to produce wings with skin joints that 
meet the allowable step- or gap-size re-
quirements for laminar flow. These joints 
must be designed with margins that allow 
for dimensional stability of the structure 
over the life of the aircraft. This new con-
cept permits much larger, specially shaped 
forward-facing steps and gaps in laminar 
flow and thus significantly alleviates the 
disparity between modern airframe pro-
duction tolerances and the maximum size 
for steps and gaps in laminar boundary 
layers that are allowable without causing 
transition. 
A step with orthogonal. sharp edges can 
cause transition by generating laminar 
NASA Tech Briefs, Winter 1985 
separation bubbles as shown in Figure 1. 
These bubbles force the boundary layer off 
the surface. forming a free shear layer in 
which inflectional instabilities can cause 
rapid transition to a turbulent boundary 
layer. Similarly. gaps in the surface can 
cause transition across the laminar sepa-
ration region within the gap. By proper 
shaping of the forward-facing step or gap. it 
is possible to modify the geometry of the 
resulting laminar separation regions. 
As shown in Figure 2. rt may be possible 
to modify or entirely eliminate the secon-
dary separation region. greatly reducing 
the inflectional instability disturbances in 
the boundary layer and thus allowing a 
larger step height (h) without causing tran-
sition. Flight test results support this rela-
tionship between step shape and critical 
step height in laminar boundary layers. For 
a simple. rounded. forward-facing step. 
critical step height increases by more than 
Laminar-Separation 
Bubbles 
h 
....... ·~"'~~~r::::::::::::::::::::::::: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
~~~~~~~~~~~~--~ 
Figure 2. A Shaped, Two-Dimensional Roughness Element can control or eliminate lami-
nar separation regions. 
50 percent relative to an orthogonal sharp-
edged step. 
This work was done by Bruce J. Holmes 
and Chen-Huei Uu of Langley Research 
Center; Glenn L Martin. Christopher S. 
Domack. and Oifford J. Obara of Kentron 
International. Inc.; Mmed Hassan of the 
Arizona State University; and Max D. 
Gunzburger and Roy A. Nicolaides of 
Carnegie-Mellon University. For further in-
formation. Orcle 40 on the TSP Request 
Card. 
This invention is owned by NASA. and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive li-
cense for its commercial development 
should be addressed to the Patent Coun-
sel. Langley Research Center [see page 
29]. Refer to LAR-13255. 
Fuel Gage for Sloshing Tanks 
Dynamic measurements of the tank pressure are converted 
to a readout of the volume of remaining fuel. 
Langley Research Center, Hampton, Virginia 
A new gage accurately measures the 
fuel remaining in a moving. or sloshing, 
tank. It measures the tank air (or other gas) 
pressure and the time required for the 
pressure to change from one preselected 
level to another. This time measurement is 
directly proportional to the volume of air. A 
data processor computes the relative vol-
umes of air and fuel in the tank. 
Jr. 
+ 12 V 0------0--.--
Conventional gages measure the level 
of the surface of the fuel at one or more lo-
cations in the tank. However, variations in 
fuel level due to sloshing and to changes in 
attitude and acceleration of the vehicle, es-
pecially in the shallow fuel tanks in airplane 
wings, lead to hazardous errors in the indi-
cation of the quantity of fuel remaining. 
Pressure Switctl 
With Hysteresis 
I 
Fuel Tank 
Period Timer 
and 
Data Processor 
Exhaust to 
Atmosphere 
The new gage controls the flow of air (or 
other gas) into and out of the space above 
the fuel in the tank and measures the pres-
sure in the tank. The gage has the capabil-
ity to reverse the direction of flow at se-
lected pressure levels. A timer and data 
processing device measures the time in-
terval required for the pressure in the tank 
to change between two preselected levels. 
The volume of fuel remaining in the tank is 
computed by the data processor from the 
value of this time interval. 
Figure 1. The Volume 0' Air In the Space Above the Fuel is directly proportional to the time 
required to change the pressure in the tank between two preselected pressure levels. 
regardless of the attitude or agitation of the fuel tank. 
Figure 1 shows a laboratory model of a 
gage. Details of the timerldata processor 
are shown in Figure 2. 
The fuel tank is supplied with air from a 
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2-psi (13.7 X 1()3 N/m2) supply. The direc-
tion of airflow is controlled by a solenoid 
valve that, when energized, allows air to 
flow from the pressure supply to the tank 
through a restriction. When not energized, 
the solenoid vents the tank to the atmo-
sphere through the same restriction. 
The pressure switch consists of a dia-
phragm. exposed on its lower side to the 
tank pressure. in contact with a micro-
switch. This assembly has mechanical hys-
teresis, so that the switch snaps CNer to one 
cootact W1en the pressure in the tank reaches 
approximately 0.4 psi (2.8 X 103 N/m2) 
and drops back to the other contact when 
the pressure is reduced to about 0.2 psi 
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(1.4 X 103 N/m2). It is connected to the 
solenoid valve in such a way that the pres-
sure in the tank is cycled up and down con-
tinuously between these two levels. 
The timer/data processor is also con-
nected to the contacts of the pressure 
switch and converts the time required for 
the tank pressure to rise from 0.2 psi to 0.4 psi 
into a proportional measure of the volume 
of air in the tank. This value is subtracted 
from the known total tank volume to obtain 
the value of the fuel volume, which is then 
displayed on the digital indicator. 
For example, when used with a 3O-gal 
(114-1) tank, the counter is loaded with the 
number "30.0" during the time when the 
tank is vented to the atmosphere. The os-
cillator is disabled during this time of the cy-
cle. As soon as the pressure switch indi-
cates the low limit of 0.2 psi, the solenoid 
valve is actuated to increase the tank pres-
sure, and the oscillator is turned on so that 
the counter starts counting down from 
30.0. When the upper pressure lim~ of 0.4 psi 
is reached, the solenoid valve cuts off the 
air pressure supply and vents the tank to 
the atmosphere. At the same time, the os-
cillator is again disabled, and the number 
remaining in the counter is transferred to 
the internal latch in the digital display as-
sembly where it remains and is displayed 
until the next cycle is completed. The coun-
Pressure Switch 
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Figure 2. The Data Processor Computes the Air Volume and subtracts it from the total fuel 
tank volume to obtaifl the volume of fuel. 
ter is again loaded with the total volume 
number, 30.0, and the cycle is repeated. 
In this way, the gage produces a count 
proportional to the volume of air in the tank 
and simultaneously subtracts it from the to-
tal volume of the tank to produce a count 
proportional to the volume of liquid fuel re-
maining in the tank. It does this at each 
charge/discharge cycle and holds the re-
sult on a digital display until the next cycle 
is complete. 
This work was done by H. Douglas 
Garner and William E. Howell of Langley 
Research Center. No further documenta-
tion is available. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counse/, Langley 
Research Center [see page 29]. Refer to 
LAR-13147. 
Calibrating Pressure Transducers at Cryogenic Temperatures 
A reciprocating bellows generates a sinusoidal pressure 
wave with a calculable peak-to-peak value. 
~ Langley Research Center, Hampton, Virginia 
The development at Langley Research 
Center of the National Tranoonic Facility, a cry-
ogenic wind tunnel for high-Reynolds-number 
aerodynamic research, has introduced 
several new measurement requirements, 
one of these being dynamic pressure 
measurement at cryogenic temperature. 
Pressure transducers are currently cali-
brated statically, using a step-function 
method at both ambient and cryogenic 
temperatures, and dynamically, using' 
quick-opening-valve/shock-tube tech-
niques at ambient temperatures. Accord-
ingly, a technique and system have been 
developed for the dynamic calibration of 
pressure transducers at cryogenic 
temperatures. 
The dynamic calibration system is 
based on the reciprocation of a sealed 
metal bellows that produces a sinusoidal 
pressure with a calculable peak-to-peak 
value. Given the linear bellows displace-
ment L, the volume V of the transducer-
bellows assembly, the bellows cross-
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Cryogenic Environmental 
Chamber 
Transducers 
To Calibrate Transducers immersed in a cryogenic environment, a sealed reciprocating 
bellows generates a sinusoidal dynamic pressure. The transducer manifold assembly 
and bellows are immersed in the cryogenic environment to minimize gradients in the con-
troliable cryogenic temperature. 
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sectional area A, and the initial internal 
static pressure P, the peak-to-peak dynam-
ic pressure P pop can be calculated, Two ex-
pressions are used to calculate the value 
PV according to the ideal-gas law_ One ac-
counts for the compression of the bellows 
and the other for the expansion during its 
sinusoidal reciprocation: 
(PV}c = (P + AP1) (V - AV1) 
(PV}e = (P - AP2)(V + AV2) 
Solving for the changes in pressure due to 
compression and expansion and then sub-
stituting AU2 for the changes in volume 
due to compression and expansion, the ex-
pression for peak-to-peak sinusoidal dy-
namic pressure becomes: 
Pp-p = 4 PVAU(4V2 - A2L2) 
As shown in the figure, the primary ele-
ment of the calibration system is a recipro-
cating bellows that develops the time-
varying pressure waveform applied to the 
transducers_ Calibration is performed by 
comparing the response of the trans-
ducers to the time-varying pressure calcu-
lated from the measured linear motion of 
the bellows. The bellows is reciprocated 
using a small vibration generator mounted 
outside the cryogenic chamber and linked 
to the bellows by a steel drive rod. Dynamic 
pressure is controlled by adjusting the 
static helium pressure in the bellows and 
by controlling the amplitude of the vibra-
tion . The vibration generator, helium 
pressure-control valves, and instrumenta-
tion are located outside the environmental 
chamber. 
The linear displacement of the bellows 
is measured using a proximity probe 
mounted on the drive rod. The transducer 
outputs are measured and recorded using 
a digital storage oscilloscope. The temper-
ature inside the chamber is measured us-
ing a copper/constantan thermocouple, 
and the static helium pressure inside the 
bellows is measured using a digital pres-
Braille Reading Systems 
Similar to dot-matrix printers, these two electromechanical 
concepts would be relatively inexpensive to manufacture. 
Langley Research Center, Hampton, Virginia 
Two proposed electromechanical sys-
tems for making braille characters could 
be produced relatively inexpensively. Simi-
lar in operating principle to dot-matrix 
printers, the two methods use electronical-
ly actuated pins to reproduce characters 
from information stored on magnetic tape. 
In the first method, one or more pins 
would be scanned over a blank page and 
energized at intervals to emboss the text 
on paper, one or more dots at a time. The 
pins could be driven by solenoids, piezo-
electric transducers, or pneumatic actua-
tors. Inexpensive paper could be used for a 
one-time reading, or more durable material 
could be used for a permanent record. 
Low-definition graphics would also be pos-
sible. If speed were not important, this 
printer would be simple and inexpensive to 
produce. 
Buffer 
Loading 
Logic -
sure gage connected to the bellows 
through a tube. 
The system has a dynamic pressure 
measurement uncertainty of approximate-
ly 11 percent and is capable of producing a 
peak-to-peak dynamic pressure amplitude 
of 1.4 kPa over a frequency range of 40 to 
100 Hz and a temperature range of 100 to 
300 K It provides an unprecedented capa-
bility of both static and dynamic calibration 
of pressure transducers from ambient to 
cryogenic temperatures. 
This work was done by Barry II Gibbens 
of Langley Research Center. Further 
information may be found in NASA TM-
85695 [N84-114581NSP], "A Technique for 
Dynamically Calibrating Pressure Trans-
ducers at Cryogenic Temperatures" [$7]. 
A copy may be purchased (prepayment re-
quired] from the Nationa/ Technicallnfor-
mation Service, Springfield, Virginia 22161. 
LAR-13242 
The text for the printer would be read 
from a tape in a form that would directly 
produce the braille characters and would 
be fed into a RAM buffer one or more 
pages at a time. The paper would be roller 
fed using a constant speed motor, and the 
solenoid-operated embossing pins would 
be scanned across the page by a lead 
screw or cable drive operated by the same 
motor. Optical pickoffs on the two drives 
would address the buffer to produce the 
The Braille "Mouse" could be used to step through the addresses of the RAM using an op-
tical pickoff disk. 
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embossed dots in the proper sequence to 
build up the desired characters. The 
machine could be arranged so that a per-
son could read the text as it emerged from 
the embosser. 
lri the second approach, a hand-held de-
vice containing one or more character-
generator cells would be used by the 
reader to scan the lines of text manually. 
This device, which is illustrated in the fig-
ure, would be similar to the "mouse" used 
as a computer input device. It would be 
swept manually over a flat surface and 
would scan through the character ad-
dresses of the RAM containing the text by 
means of a wheel running on the flat sur-
face and driving an optical pickoff disk, 
which consecutively steps through the ad-
dresses of the RAM. As the RAM ad-
dresses are stepped through, the charac-
ter contained in each address is presented 
to the reader's fingers by the character 
generator in much the same way as if he or 
she had run the fingers over an embossed 
series of characters. Several consecutive 
characters could be presented at one time, 
using several character-generator cells on 
the mouse, to speed up the reading process. 
A conventional mouse operates in two 
dimensions using two orthogonally ori-
ented pickoff wheels. It would be easy for 
the blind reader, using a two-dimensional 
scan, .to run off a " line of print. " It may be 
preferable, however, not to define line 
length at all, but to simply store the charac-
ters in memory in a single line. The mouse 
would then be constructed with a Single 
pickoff wheel, oriented for horizontal mo-
tion, which would step through the RAM 
continuously from beginning to end. When 
the reader reached a convenient point in 
the text, he or she would simply lift the 
mouse and return it to the left-hand side of 
the work area and thus start a new "line." 
The mouse could also be "backed up" to 
catch any missed characters. 
This work was done by H. Douglas 
Garner of Langley Research Center. No 
further documentation is available. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Langley 
Research Center [see page 29]. Refer to 
L4R-13306. 
Hydraulic Cylinder With an Integral Position Indicator 
An LVOT is contained within the hydraulic cylinder. 
Langley Research Center, Hampton, Virginia 
A linear variable differential transformer 
(LVDT) incorporated within the cylinder of a 
hydraulic actuator gives a precise readout 
of the position of the piston relative to the 
cylinder. The LVDT is contained completely 
within the actuator. The actuator was origi-
nally developed for use in the wind-tunnel 
model-helicopter suspension system at 
Langley Research Center. This system re-
quires precise positioning and position 
readout for computer control of model mo-
tions. Minimal space is available for motion 
cylinders, and precise, continuous position 
readout (with no steps or pulses) is re-
quired. This device provides continuous 
and accurate position indication of a hy-
draulic cylinder by means of an integral, 
coaxially mounted LVDT. 
The LVDT (see figure) produces an elec-
trical output proportional to the displace-
ment of its movable iron core relative to its 
surrounding coils. The core support rod is 
screwed into the base of the barrel, and the 
coil portion is welded into the piston rod 
with the wires exiting beyond the rod seal 
area. 
When the piston of the actuator is ex-
tended and retracted, the coils of the LVDT 
move back and forth over the fixed core, 
varying the electrical output of the LVDT for 
a remote readout of the exact distance that 
the actuator rod is extended. 
3.68 1----------Bore -----------+1 
1-----3.50 LVDT -----------i 
0.404 Diameler 
Bore 
4-40 Phosphor-Bronze Sleeve 
Thread Soft Soldered 10 Pislon 
O 005 + 0.002 D' I 
. _ 0.000 lame er t LVDT 
I , 
t 
Core 
The LVDT is compact and does not re-
quire dynamic seals against hydraulic 
pressure or any electronics mounted on 
the actuator. This actuator, as a result, is no 
larger than it would be without position indi-
cation. The LVDT is completely enclosed 
and protected from abuse, and the contin-
uous position indication provided is the 
most accurate and repeatable currently 
available. 
This work was done by Garland 0. 
Goodwin of Kentron International, Inc., for 
Langley Research Center. No further 
documentation is available. 
L4R-13095 
Bore Open 
10 Rod End 
Thread 
NOTE: Dimensions are in inches. 
This Actuator With a Completely Enclosed LVDT gives a precise readout of the position of the piston relative to the cylinder. 
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Shaft Axial-Displacement Sensor 
A magnetic rotation sensor is modified 
to detect axial travel. 
Marshall Space Flight Center, Alabama 
The shaft-speed sensor on a turbopump 
is readily adapted to indicate shaft axial dis-
placement as well as rotational speed. The 
adaptation makes it unnecessary to install 
a separate displacement sensor, which 
would require an additional access port on 
the pump. The combined speed/displace-
ment sensor would be used for perform-
ance analysis and for pump control. 
To r Monitoring I Circuits 
Undisplaced Shaft 
Position (Pulses 2 and 
4 Are Equal) 
The modified sensor exploits an effect 
that is ordinarily considered a less desirable 
feature of magnetic speed sensors - the 
decrease in output voltage with increasing 
sensor gap. The adaptation consists of 
beveling certain lobes on the shaft-speed 
encoder nut. For example, lobes 2 and 4 on 
a four-lobe nut can be beveled, the bevel 
on lobe 2 being on a side opposite the bevel 
on lobe 4 (see figure). Axial displacement of 
the shaft then alters the gap between those 
lobes and the sensor tip, with a consequent 
alteration in the output waveform. 
SIDE VIEW 
Beveled 
Lobe 
END VIEW 
Shaft Displaced Axially 
Toward Left (Pulse 2 
OUTPUT WAVEFORM 
In the example of the figure, axial shaft 
motion to the right makes lobe 2 pass 
closer to the tip, while lobe 4 passes farther 
from it. The pulse output at lobe 2 then in-
creases while that of lobe 4 decreases. 
Conversely, a shaft motion to the left is indi-
cated by an increase in sensor pulse out-
put at lobe 4 and a decreased output at 
lobe 2. 
Less Than Pulse 4) ~ 
L---....-___ -------' 
This work was done by Arthur J. Hill of 
RockwelllnternationaJ Corp. for Marshall 
Space Right Center. For further informa-
tion, Circle 46 on the TSP Request Card. 
As the Speed-Encoder Nut Rotates, its lobes induce a voltage in the speed/displacement 
sensor tip. Longitudinal movement of the shaft alters the gap between beveled lobes and 
the pickup and thus alters the waveform produced by those lobes. 
Inquiries concerning rights for the com-
mercial'Use of this invention should be ad-
dressed to the Patent Counsel, Marshall 
Accelerated Stress-Corrosion Testing 
A unified approach detects crack initiation and 
early-stage crack-growth rates. 
Langley Research Center, Hampton, Virginia 
New test procedures for accelerated 
stress· corrosion testing of high-strength 
aluminum alloys are faster and provide 
more quantitative information than tradi-
tional pass/fail tests. Experiments have 
demonstrated that extremely small 
amounts of cracklike damage can be read-
ily detected in small specimen cross sec-
NASA Tech Briefs, Winter 1985 
tions 0.125 in. (3.18 mm) in diameter. Also, 
there is an optimum exposure time for ac-
curate results. 
The ne'N method uses data from tests 
on specimen sets that are exposed to a 
corrosive environment at several levels of 
applied static tensile stress for selected ex-
posure times and then subsequently ten-
Space Flight Center [see page 29]. Refer to 
MFS-29048. 
sile tested to failure. The breaking loads 
are converted to an "apparent" tensile 
strength for further analysis. Comparing 
these data with similar data from control 
specimens, both unexposed and exposed 
unstressed to the corrosive environment, 
makes it possible to separate the stress-
corrosion cracking response from general 
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or localized corrosion. 
The breaking-strength data with the al-
loy strength and toughness values are 
used in a new elasticlplastic fracture-
mechanics model to calculate an "effec-
tive flaw size." This estimation of the flaw 
depth and growth rate is used to rate the 
stress-corrosion-cracking performance of 
corrosion-resistant alloys. The results are 
not biased by the material strength and 
fracture toughness or the test specimen 
size. 
The breaking-strength data are further 
analyzed by an extreme-value statistical 
method to get survival probabilities and 
statistically defined stress-corrosion 
cracking threshold stresses for the sample 
material. These stress-corrosion perfor-
mance ratings tend to be significantly 
more discriminating than those obtained 
from traditional passlfail analysis of 
smooth specimen data. 
These new test procedures were used 
to investigate three tempers of 7075 alumi-
num alloy plate. The predicted combina-
tions of breaking strength and flaw depth 
agree very well with actual measurements 
made on tensile specimens 0.125 and 
0.225 in. (3.18 and 5.72 mm) in diameter 
containing "small" flaws introduced by 
either fatigue or stress-corrosion cracking. 
This method is potentially applicable to 
other degrading phenomena (such as fa-
tigue, corrosion fatigue, fretting, wear, and 
creep) that promote the development and 
growth of cracklike flaws within a material. 
This work was done by the Aluminum 
Company of America for Langley Re-
search Center. Further information may 
be found in NASA CR-172387 [N85-11218/ 
NSP and N85-112191NSP], "A Study of En-
vironmental Characterization of Conven-
tional and Advanced Aluminum Alloys for 
Selection and Design" [Phase 1: Uterature 
Review, $13; Phase 2: The Breaking Load 
Test Method, $25]. Copies may be pur-
chased [prepayment required] from the 
National Technical Information Service, 
Springfield, Virginia 22161. 
LAR-13337 
Miniature Microphone Adapter 
This probe is insensitive to aeroacoustic disturbances 
in a high-velocity flow. 
Langley Research Center, Hampton, Virginia 
Narrow tubes are frequently used to 
conduct acoustic energy to microphones 
for noise measurements in small ducts and 
intricate machinery. Characteristically, 
these devices lose sensitivity with in-
creased frequency because of the length 
and diameter of the tube, the acoustic im-
pedance of the microphone cartridge, and 
the volume between the microphone dia-
phragm and the tube-terminating volume. 
Small condenser microphones also have 
been used for aeroacoustic measure-
ments, but t11ese suffer significant aero-
acoustic disturbances because the adap-
ters and preamplifier must be very close to 
the microphone. 
A critical requirement for such a micro-
phone probe tube is that it be small and 
aerodynamically shaped to minimize aero-
acoustic disturbances that distort the 
measurements. On the other hand, the 
need for accurate, stable amplitude and 
phase calibration and uniform sensitivity 
over the frequency range of interest re-
quires that the sensing element be located 
very near the probe-sensing ports. 
These design requirements are achieved 
by a new microphone adapter that permits 
the installation of a commerCially available 
condenser microphone 1/8 inch (3 mm) in 
diameter at the location of the sensing 
ports, with a remotely located preamplifier. 
The microphone has a high-impedance 
source and a low-level electrical output sig-
nal; therefore, the adapter was designed 
with a mininum capacitance to avoid deg-
radation of microphone sensitivity. The 
adapter is shown in Figure 1. 
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Figure 1. This Microphone Adapter permits the installation of a small condenser micro-
phone at a sensing port. 
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Figure 2. The Sensitivity Degradation of the adapter and microphone is compared with 
the same microphone with a commercially available adapter. 
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Figure 2 illustrates the sensitMty degra-
dation, 14 dB, of the adapter and micro-
phone compared with the same micro-
phone with a commercially available adap-
ter. The cable length of this configuration 
can be shortened to improve the sensitivity 
by about 4 dB, i.e., with a sensitMty degra-
dation of 10 dB. 
Although this probe was designed pri-
marily for duct aeroacoustic measure-
ments, it can be used for aeroacoustic 
measurements in jet flow and for multiple 
acoustic measurements in a small space 
where correlation of the measurements is 
desirable. Wrth state-of-the-art technology, 
it is feasible to develop a small preamplifier 
to complement the probe design. 
This work was done by James C. 
Manning and John W Simpson of Langley 
Research Center. To obtain a set of four 
construction drawings, Orc/e 57 on the 
TSP Request Card. 
Inquiries conceming rights for the com-
mercia/ use of this invention should be ad-
dressed to the Patent Counsel, Langley 
Research Center [see page 29]. Refer to 
LAR-13210. 
Electronic/Hydraulic Level Gage 
Machine parts or structures are leveled 
faster than with optical surveying instruments. 
Marshall Space Flight Center, Alabama 
A system for checking the levelness of 
machines and structures requires less 
time and labor than do conventional optical 
systems. The system measures differ-
ences in elevdtm to within 0.002 in. (0.05 rrm). 
In conventional leveling, a pair of tele-
scopes are alined in the same plane by 
sighting them on a vertical scale. Opera-
tors at both telescopes then sight on the 
designated index marks on the part to be 
leveled. They direct another operator at a 
hoist or other lifting device to raise or lower 
one end of the part until the index marks 
are in the plane of the scopes. At this point, 
the part is known to be level. 
With the new system, floats in water res-
eMlirs are suspended at index p:>ints on 0p-
posite ends of the part to be leveled (see fig-
ure). The floats are attached to core rods in 
the windings of linear variable-differential 
transformers (LVOT's). The output voltage 
of each LVOT is proportional to the differ-
ence in height between the middle of the 
core rod and the middle of the winding. 
Since the reservoirs are connected to the 
same water supply, the water in them is at 
the same level. Thus, if the part is out of 
level - that is, if one end is higher than the 
other - the voltages of the L VOT' s will be 
different. On the other hand, if the part is 
level, the voltages will be identical. 
The electrical outputs and the water 
supply are connected to a console. EJec-
tronic circuitry in the console converts the 
L VOT outputs into a level difference and 
displays the value to the operator on a digi-
tal indicator. The console also illuminates 
lamps that tell the operator in which direc-
tion to move the part to restore levelness. 
A small pump on the console fills the 
reservoirs. An automatic shutoff control, 
actuated by the L VOT outputs, prevents 
overflow. 
The float shape and material proved to 
be critical for obtaining repeatable meas-
urements. The best results were produced 
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Floats at Opposite Ends of a Structure determine the positions of cores in linear variable-
differential transformers. The outputs of the LVDT's are carried by cables to a control 
console, where they are displayed to an operator as a difference in core levels and there-
fore of the ends of the structure. 
bya ~cytinder 23~ in. (69.9rrm) 
in diameter and 13~ in. (44.4 mm) high. A 
clearance of 0.25 in. (6.4 mm) between the 
floats and the reservoir walls is sufficient to 
eliminate the effects of friction and suction 
on the measurements. 
This work was done by 8. Hanninen and 
D. Hartleyof Martin Marietta Corp. for Mar· 
shall Space Right Center. For further in-
formation, Orc/e 87 on the TSP Request 
Card. 
MFS-28006 
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Advanced Vapor-Supply Manifold 
A new four-port valve helps eliminate 
dead gas volume and contamination . 
Lang/ey Research Center, Hampton, Virginia 
An advanced vapor-supply manifold 
solves the problem of manifold purging. 
The design virtually eliminates dead gas 
volumes in the manifold system. The sys-
tem incorporates a special valve into the 
manifold in such a way that the leaks and 
contamination problems of previous sys-
tems, which use tees and three -port 
valves, are minimized or eliminated in both 
the main manifold line and in the supply 
line. 
Figure 1 shows the new valve. The pri-
mary difference between this design and 
that of the three-port valve consists of the 
addition of the fourth port, marked "A" on 
the figure. This port virtually eliminates the 
dead airspace present on the supply side 
of the three-port valve in the closed posi-
tion. Thus, a continuous flow of vapor from 
the supply line through line "A" thoroughly 
purges contaminants that may initially re-
main in the valve when it is closed. 
In addition, a continuous flow is permit-
ted through the main manifold line whether 
the valve is in the open or closed position. 
When the valve is closed, there is no inter-
mixing between the two lines, and virtually 
no dead airspace exists in the manifold 
main line or in the supplylpurge line. When 
the valve is open, the two gas flows can in-
termix. Therefore, this valve constitutes a 
cross fitting when it is open and two sepa-
rate lines when it is closed. 
Figure 2 shows a system incorporating 
a gaseous source and the four-port valve 
as the manifold valve. With the manifold 
valve closed and the purge valve open, the 
mass-flow controller is adjusted to the de-
sired flow. The purge valve is then closed 
and the manifold valve opened to intro-
duce the vapor to the manifold. When the 
vapor is no longer desired in the manifold, 
the manifold valve is closed and the purge 
valve opened to flush out any contaminat-
ing vapors that entered the supply line from 
the manifold. 
The manifold is currently being used at 
Langley Research Center to upgrade a 
NASA-owned chemical vapor-deposition 
system. It should be of considerable use in 
gas manifold systems where even small 
amounts of gaseous impurities constitute a 
problem or where more than one gaseous 
material is used in a single system. 
This work was done by Ivan 0. Oark, 
William J. Debnam, Jr. , Archibald L. Fripp, 
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Figure 2. The Four-Port Manifold Valve and Purge Valve are used to flush out contamInat-
ing vapors. 
Jr. , and Roger K. Crouch of Langley Re· 
search Center. No further documentation 
is available. 
This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive li-
cense for its commercial development 
should be addressed to the Patent Coun-
sel, Langley Research Center [see page 
29]. Refer to LAR-13259. 
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Titanium Heat-Pipe Wicks 
Titanium offers advantages 
over aluminum. 
Marshall Space Flight Center, Alabama 
Sintered titanium offers several advan-
tages over sintered aluminum as a materi-
al for heat-pipe wicks. Titanium is both 
strong and light. Its thermal conductivity is 
only one-seventh that of aluminum, and it 
can therefore be used when a high thermal 
resistance is needed to prevent boiling of 
the working fluid. 
In a study, sintered titanium powder 
wicks were prepared under a variety of 
conditions. The wicks were tested to iden-
tify those conditions that yield the best 
wicking characteristics. The key sintering 
conditions were titanium particle size, alloy 
constituents, time, pressure, and tempera-
ture. The best wicks were subjected to fur-
ther measurements of such properties as 
thermal conductivity, density, pore size, 
and permeability. 
An all-titanium heat pipe was made with 
the best type of wick. Such characteristics 
as heat flux, evaporator temperature drop, 
and life expectancy were measured. Data 
were gathered for a variety of working 
fluids: Acetone, ammonia, water, and 
chlorofluoromethanes. 
This work was done by Robert 
Shaubach, G. Yale Eastman, and Donald 
M. Ernst of Thermacore, Inc., for Marshall 
Space Right Center_ No further docu-
mentation is available. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 29]. Pefer to 
MFS-26016. 
Microphone Boom for Aircraft-Engine Monitoring 
Accuracy of engine-noise measurements is improved 
by reducing boundary-layer effects. 
Ames Research Center. Moffett Field, California 
A microphone for measuring aircraft 
engine noise is mounted on a lengthwise 
boom that is supported away from the 
fuselage and engine (see Figure 1). This 
configuration minimizes the boundary-
layer effects and pressure doubling that 
would be present if the microphone were 
mounted in the aircraft fuselage. 
The microphone is mounted inside the 
boom with the diaphragm flush with the 
outside edge and facing the noise source 
parallel to the airflow (see Figure 2). Accel-
erometers in the boom tip sense vertical 
and lateral boom vibrations: These meas-
urements are used to correct vibrational 
errors in the acoustic measurements. 
This work was done by R. Cohn, M. 
Economu, and W AJbrecht of Ames Re-
search Cent.er_ No further documentation 
is available. 
ARC-11495 
Figure 1. Measurement Errors introduced 
by such boundary-layer flow effects as 
pressure doubling are avoided by position-
ing an accoustic sensor at a distance from 
the aircraft fuselage. This boom-mounting 
principle can also be adapted to wind-
tunnel measurements. 
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Figure 2. The Microphone and Preamplifier 
are mounted inside the boom, with the dia-
phragm of the microphone flush with the 
boom surface. 
Hollow Boom 
Flexible 
Right-Angle 
Adaptor 
Microphone 
Housing 
Preamplifier 
Airflow , 
Thermal-Diode Sandwich Panel 
This panel transfers heat in only one direction. 
Lang/ey Research Center, Hampton, Virginia 
A proposed thermal diode sandwich 
panel transfers heat in one direction, but 
when the heat load is reversed, it switches 
off and acts as a thermal insulator. It has 
been proposed to control temperature in 
spacecraft and in supersonic missiles to 
protect internal electronics. In combina-
tion with conventional heat pipes, it can be 
used in solar panels and other heat-
sensitive systems. 
The diode sandwich panel (see figure) 
consists of face sheets lined with wicking 
material on a honeycomb core that is con-
structed from wicking material. The lower 
wick has smaller capillaries than the upper 
wick to ensure that the capillary force is 
greater in the direction of the lower wick. 
The honeycomb wick has pores of the 
same or larger size than those of the lower 
wick but has pores smaller than those of 
the upper wick. The entire sandwich panel 
is welded shut by sidewalls, hermetically 
sealing the panel. 
A processing tube is provided for filling 
the panel with working fluid and for proc-
essing. During processing, the panel is 
filled with working fluid of sufficient quantity 
to saturate the lower wick only, the upper 
wick remaining dry. Then, all noncondens-
able gases are pumped out, leaving the 
working fluid and its vapor inside the panel. 
During the processing of heat pipes, non-
condensable gases flow to the cold end 
(condenser) and are pumped out. In a 
honeycomb sandwich panel, it is very diffi-
cult to confine noncondensable gases 
near the exhaust port to permit their re-
moval. The processing tube, which is lined 
internally with a wick, is welded onto the 
sandwich panel. During processing, this 
tube is cooled, and the entire vapor cham-
ber becomes an evaporator; the process-
ing tube then becomes a condenser and a 
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trap for noncondensable gases. The trapped 
non condensable gas can then be evacu-
ated to complete heat-pipe proceSSing. 
When heat is applied to the lower face of 
the panel , fluid evaporates and condenses 
at the top. Then the condensate returns to 
the lower wick by capillary action, produc-
ing normal heat-pipe operation. When heat 
is applied at the top, fluid evaporates and is 
trapped in the lower wick. Since the capil-
lary forces are greater at the lower wick, 
fluid remains at the bottom. The upper wick 
dries out, and heat-pipe action (heat trans-
er) stops. Thus the heat-pipe sandwich 
panel becomes a thermal insulator. The 
terms "top," "bottom," "upper," and 
"lower" are used here to simplify the expla-
nation of the panel's performance. This 
device will operate in zero gravity or any 
orientation in a 1-g field. 
This work was done by Algerd Basiulis 
of Hughes Aircraft Co. for Langley Re-
search Center. No further documentation 
is available. LAR-13121 
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pending on the relative heat loads_ 
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Reduction of Vane Noise in Wind·Tunnel Nozzles 
Foam-layered vanes reduce low-frequency 
pulsations and high-frequency noise. 
Langley Research Center, Hampton, Virginia 
A major aerexlynamic problem in the 
Langley Research Center 4-by-7·Meter 
(Wind) Tunnel is a very·low·frequency pul-
sation (1 to 4 Hz) when the tunnel is oper-
ated in the open·throat mode. This pulsa-
tion not only creates unrealistic flow in the 
tunnel, but it also induces unsafe reso-
nances in some model/sting systems. 
An interim solution to this problem was 
the installation of staggered triangular 
vanes around the perimeter of the jet exit 
nozzle. However, these vanes increased 
the background noise levels above 5 kHz 
by 10 to 20 dB. 
Boundary 
Layer Trip 
The vane-induced noise was reduced 
by adhering a thin layer of porous material 
such as foam to the downwind surface of 
the vanes, particularly near the sharp trail-
ing edges, to prevent the occurrence of 
edge tones (see Figure 1). Other modifica· 
tions made to aerodynamically streamline 
the vane structure were rounding the lead-
ing edges and smoothly fairing the trailing 
edges. A boundary layer trip was applied to 
the leading edge to prevent laminar tone 
shedding from the trailing edge. 
Figure 1. The Thin Layer of Foam is attached to the downwind surface of the vanes to pre· 
vent edge tones. 
Measurements of background noise in 
the open test section were made with the 
modified vane structure and compared to 
background noise measured with th~ un-
treated vanes and the "clear tunnel." Fig-
ure 2 shows the measured background 
noise levels for an inflow location at a tun-
nel speed of 120 kn (62 m/s). The effect of 
the treatment is to reduce noise levels by 
10 to 20 dB in the higher frequency range. 
Online observations of the velocity fluctua· 
tions with the treated vanes installed con· 
firmed that the pulsation was favorably 
reduced. 
This work was done by Ruth M. Martin 
and Thomas F. Brooks of langley Re-
search Center, and Danny R. Hoad of the 
u.s. Army Structures Laboratory. For fur-
ther information, Orcle 94 on the TSP Re-
quest Card. 
LAR-13333 
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Figure 2. Foam·Layered Vanes reduce wind·tunnel background noise at higher frequencies. 
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Squeeze-Film Damper Controls High Vibrations 
Two oil films control bearing load when operating 
above critical speed with a high imbalance. 
Lewis Research Center, Cleveland, Ohio 
A dual-clearance (two oil f ilms) 
squeeze-film damper has been developed 
for controlling vibrations in aircraft turbine 
engines and other rotating machinery. A 
conventional squeeze-film damper would 
be overloaded and no longer effective in 
controlling vibration amplitudes and bear-
ing forces if the shaft imbalance would rise 
appreciably above the design value of the 
damper. The new damper under normal 
conditions uses only one low-clearance 
film. Under high imbalance, both films are 
active, controlling shaft vibration in a near-
optimum manner and allowing continued 
operation until a safe shutdown can be 
made. 
As shown in the figure, both squeeze-
film dampers operate in series. During nor-
mal operation, the sleeve separating the 
two damper films is fixed in place by two or 
more shearpins. Only the inner film is ac-
tive; behavior is then identical to that of the 
single-film damper. The clearance is only 
as high as is required for the rotor imbal-
ance likely to occur in normal operation; 
thus, the rotor radial location can be close-
ly controlled. 
In the event of rotor-blade loss or some 
other occurrence that increases the imbal-
ance, the damper load rises until the 
strength of the shearpins is exceeded. The 
pins shear, allowing the sleeve to move, 
and activate the outer damper film. The 
two films then operate in series; that is, the 
bearing load is transmitted first through the 
inner film, then through the sleeve and 
outer film to the machine structure. The 
outer film will generally have a larger clear-
ance than the inner film to accommodate 
the larger amplitude of motion necessarily 
accompanying the higher imbalance. The 
il')ner and outer dampers will continue to 
operate together until the imbalance is cor-
rected and new shearpins are installed. 
Oil-supply passages are not shown in 
the figure; however, oil is typically supplied 
through a feed hole in the outer side of the 
outer film. The inner damper receives its oil 
from the outer damper via a feed hole in 
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The Inner and Outer Damper Films operate in series. During normal operation, only the in-
ner film is active. However, during high imbalance, the shearpins break and bring th'e 
outer damper film into play. 
the sleeve. The outer damper shown is of 
closed-end design. It was found that a 
shorter length for the damper would suffice 
compared to an open-end damper. 
The dual-clearance damper was de-
signed to (1) maintain close control of rotor 
radial location during normal operation; 
i.e., when the rotor is well balanced; (2) 
maintain control of vibration amplitude and 
bearing load during operation above the 
critical speed with high imbalance; and (3) 
allow safe deceleration through the critical 
speed with high imbalance. 
This work was done by David P Fleming 
of Lewis Research Center_ For further in-
formation, Circle 61 on the TSP Request 
card. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Lewis 
Research Center [see page 29]. Refer to 
LEW-13506. 
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Noise-Path Measurements in Aircraft Structures 
Portable equipment separates airborne and 
structure-borne noise in aircraft. 
Langley Research Center, Hampton, Virginia 
The system illustrated in the figure de-
termines the amount of radiated sound 
power that can be separately attributed to 
airborne and structure·bome paths in air· 
craft. It can also be used to evaluate vibrato 
ing plates and thin shells. 
The sound transducers include an array 
of lightweight, miniature piezoelectric ac-
celerometers and a two-microphone 
probe. A multichannel Fast Fourier Trans· 
form (FFD analyzerlcomputer is used for 
analog·to-digital conversion and to analyze 
the spectrum of each of the input signals. 
An averager is used to sum and average 
the spectra produced by the array of accel-
erometers and the FFT computer. An 
acoustic-radiation-efficiency computer 
calculates and stores the radiation efficiency 
for both purely acoustic excitation of the 
structure and purely vibrational excitation of 
the structure. The nOise-path-identlfication 
computer is used to calculate and display 
the acoustic sound power caused by the 
acoustic excitation and the vibrational ex-
citation for a particular combination of si-
multaneous acoustic and vibrational 
inputs. 
The plate or thin-shell structure is sub-
jected simultaneously to the acoustic and 
vibrational sources of noise. The acoustic 
and vibrational inputs may be the result of a 
single source or of several incoherent or 
coherent sources. The radiated acoustic 
power and the space-averaged surface 
velocity of the plate or thin-shell structure 
are then measured using the acoustic-
intensity probe, accelerometers, and 
computers. 
The radiated acoustic power and the 
space-averaged surface-velocity data are 
used in conjunction with acoustic-
radiation-etficiency information obtained 
during calibration to compute the results. 
The noise-path-identification computer 
predicts the amounts of the radiated 
Books and Reports 
These reports, studies, and hand-
books are available from NASA 
as Technical Support Packages 
(TSP's) when a Request Card 
number is cited; otherwise they 
are available from the National 
Technical Information Service. 
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Noise-Path Identification in Aircraft is performed in flight by this system. ~ 
acoustic power attributed to acoustic This work was done by Michael C. ~ 
sources of input or airborne paths and vi- McGary and William H. Mayes of Langley 
brational sources of input or structure- Research Center. Further information 
borne paths. may be found in NASA TP-2079 [N83-
The device operates exclusively in the 11838INSP), "A New Measurement Meth-
low frequency regime and is accurate in ad for Separating Airborne and Structure-
the frequency regime below the coinci· borne Noise Radiated by Aircraft-Type 
dence frequency of the plate or thin-shell Panels " [$8. SO]. A copy may be purchased 
structure under investigation. The equip- [prepayment required] from the National 
ment is compact and portable and can be Technical Information Service, Springfield. 
applied to Single or multiple highly coher- Virginia 22161. 
ent sources of excitation. Since the device Inquiries concerning rights for the com-
works on the principles of conservation of mercial use of this invention should be ad-
energy and superposition of two simple lin- dressed to the Patent Counsel, Langley Re-
ear solutions, it is applicable to all types of search Center [see page 29]. Refer to 
acoustic and vibrational inputs. LAR-13017. 
Stiffness Study of Wound-
Filament Pressure Vessels 
Theory and experiments are 
presented for strong, 
lightweight composite 
structures. 
A report presents a theoretical and ex-
perimental study of the stiffness of light-
weight, jointed pressure vessels made of 
wound graphite fibers and epoxy. These 
vessels are intended to replace heavier 
steel cases on the Space Shuttle solid 
rocket booster engine. The vessel has to 
be accommodated by existing casting, 
transportation, and erection facilities, but 
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no comparable jointed wound-filament 
pressure vessel has been manufactured to 
provide the necessary confidence in fabri-
cation procedures and criteria. Equally im-
portant, the new case has to comply with 
the existing structural load limits, but no 
comparable stiffness and dispersion data 
were available before the study. 
The specimens were fabricated from 
layers of graphite fibers, wet with epoxy, 
which were on an aluminum mandrel. The 
segment ends were thickened with inter-
spersed layers of axially oriented fibers to 
reduce pinhole bearing stresses and local 
deformations. The segments were cured 
at 390° F (199° C). 
The report presents the results of vibra-
tional tests of one-quarter-scale models of 
wound-filament pressure vessels. Each 
was a segmented case 350 in. (8.89 m) 
Computer 
Programs 
These programs may be obtained 
at a very reasonable cost from 
COSMIC, a facility sponsored by 
NASA to make raw programs avail-
able to the public_ For information 
on program price, size, and avail-
ability, circle the reference number 
on the TSP and COSMIC Request 
Card in this issue. 
Predicting the 
Performance of an 
Axial-Flow Compressor 
This computer code can be 
used in the development of 
multistage axial-flow 
compressors. 
A stage-stacking computer code 
(STGSTK) has been developed for predict-
ing the off-design performance of mUlti-
stage axial-flow compressors. The code 
uses a meanline stage-stacking method. 
Stage and cumulative compressor perform-
ance is calculated from representative 
meanline velocity diagrams located at rotor 
inlet and outlet meanline radii. 
Numerous options are available within 
the code: (1) Nondimensional stage charac-
teristics may be input directly or calculated 
from stage deSign performance input; (2) 
stage characteristics may be modified or 
off-design speed and blade reset; and (3) 
rotor design deviation angle may be modi-
fied for off-design flow, speed, and blade-
setting angle. 
The axial-flow compressor is widely used 
in aircraft engines. In addition to its inherent 
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long with an inside diameter of 36.25 in. 
(0.92 m). Metal and composite jOints simu-
lated those of the full-scale vessel, and the 
helical filament-wrapping angle was 29°, 
as in the full-scale vessel. Data are tabu-
lated for specimen thickness, fiber volume 
fraction, load, and strain. Similar data are 
presented for preliminary tests on a full-
scale component; namely, the aft segment 
of the motor case. 
The report also discusses a mathemati-
cal model for the behavior of the graphitel 
epoxy laminate in the wound structure. The 
model is intended to predict the responses 
to loads for all operational conditions, in-
cluding those during static firing, tilting 
while on the firing pad, lift-off, ascent, reen-
try, and splashdown. The report compares 
the model predictions with the test data 
and suggests ways of adjusting the model 
advantage of high mass flow per frontal 
area, it can give very good aerodynamic 
performance. However, good aerodynamic 
performance over an acceptable range of 
operating conditions is not easily attained. 
Both experimental and analytical pro-
grams can be used in the development 
process for multistage axial-flow com-
pressors. Since compressor experimental 
development in test facilities is expensive 
and time consuming, any inSight into the 
onset and location of troublesome flow 
regimes that can reduce the amount of test-
ing is very valuable. One natural information 
source is experimental data from similar 
compressor stages. But such data in suffi-
cient detail are rarely available. New com-
pressors are usually extrapolations from the 
data of their predecessors. 
Analytical methods that contain good 
flow modeling are an alternative way of 
gaining the insight needed for compressor 
development. There are several levels of s0-
phistication for anC\lytical programs; but in 
general, only the level of sophistication re-
quired to evaluate the relevant flow phe-
nomenon is desired in order to minimize 
complexity and to give high computational 
efficiency. Compared with other more s0-
phisticated two- and three-dimensional 
models for compressor flow, the stage-
stacking method is very simple. The simplic-
ity of a one-dimensional compressible flow 
model enables the stage-stacking method 
to have excellent convergence properties 
and short computer run time. The simplicity 
of the model results in manageable com-
puter codes that ease the incorporation of 
correlations directly linked to experimental 
test data to directly model real flow 
phenomena. 
The stage-stacking computer code was 
developed and used at the Lewis Research 
Center during the past several years. It has 
been routinely used to generate perform-
ance maps for compressors evaluated ex-
perimentally. The performance predictions 
to bring predictions into agreement with 
measured values. 
This work was done by V. Verderaime of 
Marshall Space Flight Center. Further in-
formation may be found in NASA Technical 
Paper 2377 [N84-33521INSP], "Develop-
ment of In Situ Stiffness Properties for 
Shuttle Booster Filament Wound Case 00 
[$10). A paper copy may be purchased 
[prepayment required] from the National 
Technical Information Service, Springfield, 
Virginia 22161. The report is also available 
on microfiche at no charge. To obtain a mi-
crofiche copy, Circle 100 on the TSP Re-
quest Card. 
Inquiries concerning rights for the com-
mercial use of the technology described in 
this report should be addressed to the Pa-
tent Counsel, Marshall Space Flight Center 
[see page 29). Refer to MFS-27086. 
of the code have agreed with the measured 
performance. The code either accepts non-
dimensional stage characteristics as input 
or calculates these characteristics from 
aerodynamic input available from com-
pressor design codes. 
Many of the code options use correla-
tions that are normally obtained from experi-
mental data. These empirical correlations 
permit modeling of the trends in stage and 
overall performance by a simple one-
dimensional, stage-stacking technique. 
However, the correlations may only be ac-
curately applied to predict the performance 
of compressors similar to those used in de-
riving the empirical correlations. The code is 
developed so that users may modify the cor-
relations to suit their needs. 
For off-design compressor performance 
prediction, the main features of the stage-
stacking method are simplicity, fast con-
vergence, and the ability to directly incor-
porate correlations from experimental data 
to model real flow conditions. The method 
used has the follOWing properties: 
1. It is a orte-dimensional, compressible-
flow model with fast convergence; 
2. Overall stage performance is repre-
sented by meanline velocity diagrams at 
the rotor inlet and outlet; 
3. It includes options to calculate the stage 
characteristics and to adjust them for 
blade reset and real flow effects; 
4. Experimental test data can be applied di-
rectly to correlations that model real flow 
conditions; and 
5. Accurate off-design predictions can be 
made for a limited range of compressors. 
The computer program is written in FOR-
TRAN IV for use on an IBM 370 computer. 
For a related computer code see the follow-
ing article. 
This program was written by Ronald J. 
Steinke of Lewis Research Center. For 
further information, Circle 103 on the TSP 
Request Card. 
LEW-14025 
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Axial-Flow Compressor 
Performance With 
Water Ingestion 
Code predicts how water 
ingestion affects the 
performance of a jet-engine 
compressor. 
A stage-stacking computer code 
(WISGSK) has been developed for the pre-
diction of off-design axial-flO'N compressor 
performance with water ingestion. The 
code uses a meanline stage-stacking 
method; stage and cumulative compressor 
performance is calculated utilizing repre-
sentative triangles located at rotor inlet and 
outlet mean radii. 
The aerothermomechanical interactions 
arising during airlwater droplet mixture flow 
are taken into accbunt in terms of four proc-
esses: (1) Changes in blade performance 
parameters (deviation and efficiency), (2) 
centrifugal action due to flow rotation, (3) 
heat and mass transfer processes between 
the gaseous and liquid phases, and (4) drop-
let instability and breakup. The last three are 
introduced at the exit of ~ch blade row. The 
aerodynamic performance of a stage is 
based on estimated rules for deviation and 
efficiency with airlwater mixture flO'N. 
Water ingestion into jet engines may 
arise due to various circumstantial reasons: 
High humidity in the air resulting in conden-
sation of water at the inlet, tire-generated 
spray entering the airstream during takeoff 
and landing on rough runways with puddles 
of water, and flight through rainstorms. It has 
been found that such water ingestion can 
lead to a loss of performance, engine mis-
match, loss of surge margin, and, in some 
cases, undesirable mechanical and aero-
elastic effects. Both steady-state and tran-
sient performances are affected as well as 
the operational margins in the control sys-
tem. Wrth Ingestion of large amounts of 
water; water may fIO'N through the engine at 
low ~r settings, and a flameout mayoc-
cur at higher ~r settings. 
The cOOe prC1v'ides options for the calcu-
lation of performance with mixtUres of 
gases such as air and water vapor and 
airiwater droplet mixtures with different 
water contents. The code is useful for 
obtaining preliminary estimates of overall 
performance of compressors with water in-
gestion given the design point details corre-
sponding to airflO'N and the nature of correc-
tions for airlwater mixture flow. 
Calculations may be performed along 
any stream tube selected in the compressor 
with specified (1) mass flow and mixture 
composition at entry, (2) area change, and 
(3) work input at appropriate rotor locations. 
The program is written in FORTRAN IV for 
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use on an IBM 370 computer. For a related 
computer cOOe see the preceding article. 
This program was written by T. Tsuchiya 
and S.B. Murthy of Purdue University for 
lewis Research Center. For further infor-
mation, Circle 104 on the TSP Request 
Card. LEW-14026 
Flow Through Gas-Turbine 
Ducts 
It describes ducts with struts, 
vanes, and 90° bends. 
An existing computer program, the Axi-
symmetric Diffuser Duct code (ADD code), 
which calculates compressible turbulent 
swirling flO'N through axisymmetric ducts, 
has been modified to permit calculation of 
flows through small gas-turbine ducts with 
struts, guide vanes, and large degrees of 
tuming. The code improvements include a 
new coordinate generator, an endwallioss 
model, and a generalized geometry capa-
bility to describe struts and guide vanes in 
ducts that turn more than 90 degrees. An 
improved output format has been devel-
oped to provide the solution on any arbi-
trary plane in the duct. 
The ADD code has produced accurate 
and reliable calculations of flows in gas-tur-
bine engine components. It has been suc-
cessfully applied to predicting the perfor-
mance of the subsonic portion of mixed 
compression inlets and to predicting the 
pressure recovery of high-mach-number 
diffusers. Additional applications have 
been to straight-wall annular diffusers, ef-
fects of inlet distortion on diffuser perfor-
mance, and mixing of two coaxial streams, 
and further calculations were made for 
swirling flO'N in a precombustion diffuser 
and for an inlet with inlet guide vanes. 
Finally, the ADD code has been applied 
to the solution of flows in small axial-flow 
turbines and has been modified to treat 
flows with a small separation bubble, flows 
with large compressible axisymmetric 
streamline curvatures, and non equilibrium 
turbulent flows that require a two-equation 
{k, £} turbulence model. 
The ADD code can be applied to the so-
lution of flows in annular ducts that have 
significant radial flow components as 
found in small gas-tUrbine engines. An al-
gorithm is used to calculate the coordinate 
mesh with no restrictions as to flO'N tuming 
in the axisymmetric plane. It employs a 
second-order integration formula that ex-
actly integrates the singularities (poles) 
that occur at each corner of the n-sided 
polygon used to represent the duct with a 
Schwartz-Christoffel transformation. This 
method is used to generate a coordinate 
mesh that is constructed from the stream-
lines and potential lines of the plane 
potential-flO'N solution. 
In the present approach, strut and 
guide-vane effects appear in the governing 
turbulent-flow equations as gap-averaged 
a priori I::xxly forces. These I::xxly forces are 
obtained using blade-element theory, 
which treats the mainstream flO'N through 
the cascade as if it were two-dimensional 
and inviscid. The airfoil section cascade 
performance is obtained using empirical 
data. 
The present version of the ADD code 
contains these empirical relations for Na-
tional Mvisory Committee for Aeronautics 
(NACA) 65 series airfoils and NACA four-
digit series airfoils. This procedure using 
the ADD code produces good predictions 
of the flow field through a compressor inlet 
guide vane. In particular, the exit flow 
angles, the mean streamwise velocities, 
and the mean crossflow velocities in the 
endwall boundary layer were shO'Nn to be 
modeled quite well_ The loss mechanism, 
however, accounted only for blade profile 
loss and endwall friction loss. Asimple end-
wall loss model to account for three-
dimensional effects in the blade passage 
based on the Papailiou correlation has 
been incorporated into the code. 
The calculated flow properties can be 
presented along the coordinate potential 
lines or arbitrary output lines. This option is 
specified by the user and allows the ADD 
code output to be readily compared to data 
taken in nonorthogonal coordinates. Com-
puted results compared favorably with ex-
perimental results. The program is written 
in FORTRAN IV for use on an IBM 370/3033 
computer. 
This program was written by O. L. 
Anderson, G. B. Hankins, Jr., and D. E. ~ 
Edwards of United Technologies Corp. for 
Lewis Research Center_ For further infor-
mation, Circle 36 on the TSP Request Card. 
LEW-14095 
Automated Design 
Synthesis 
It can be used for constrained 
and unconstrained function 
minimization. 
The Automated Design Synthesis (ADS) 
program is a general-purpose numerical 
optimization program containing a wide 
variety of algorithms. It is assumed that the 
user prepares an analysis problem capa-
ble of computing the objective function and 
constraints. The program should be able to 
accept as part of its input the design vari-
able quantities. The optimization process is 
carried out by ADS coupled with the user's 
program. 
ADS can be used for both constrained 
and unconstrained function minimization. 
The solution of the general problem is sep-
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arated into three basic levels: Strategy, 0p-
timizer, and One-Dimensional Search_ By 
choosing the Strategy, Optimizer, and One-
Dimensional Search, the user is given flexi-
bility in creating an optimization program 
that works well for a given class of design 
problems. ADS has already found signifi-
cant applications in the area of structural 
synthesis (minimum-weight design). 
Strategy options that may be invoked in 
ADS include: 
1. Sequential unconstrained minimization 
using the exterior-penalty-function 
method; 
2. Sequential unconstrained minimization 
using the linear, quadratic, or cubic ex-
tended interior-penalty-function 
method; 
3. Augmented-Lagrange-multiplier 
method; 
4. Sequential linear programing; 
5. Method of centers (method of inscribed 
hyperspheres); and 
6. Sequential quadratic programing. 
Optimizer options available include: 
1. Fletcher-Reeves algorithm for uncon-
strained minimization, 
2. Davidon-Fletcher-Powell (DFP) or 
Broydon-Fletcher-Goldfarb-Shanno 
(BFGS) variable metric method for un-
constrained minimization, and 
3. Regular or modified Method of Feasible 
Directions (MFD) for constrained 
minimization. 
One-Dimensional Search options include: 
1. Find the minimum of a constrained or 
unconstrained function using just a Gol-
den Section method or a Golden Sec-
tion method followed by a polynomial 
~ interpolation, and 2_ Find the minimum of a constrained or unconstrained function using polyno-
mial interpolation/extrapolation with or 
without first finding bounds on the 
solution. 
ADS is invoked by a user-supplied driver 
program. ADS does not call user-supplied 
subroutines. Instead, it returns control to 
the calling program when function or gra-
dient information is needed. This provides 
considerable flexibility in program organi-
zation and restart capabilities. 
ADS can be used in four principal 
modes: 
1_ Default control parameters and finite-
difference gradients, 
2. Override default parameters and finite-
difference gradients, 
3. Default parameters and user-supplied 
gradients, and 
4. Override default parameters and user-
supplied gradients. 
The first mode is the simplest "black-box" 
approach. The second mode allows the 
user to "fine tune" the program for efficien· 
cy. The third and fourth modes permit ana-
lytic gradients to be supplied, when known, 
for considerable efficiency improvements. 
ADS is written in FORTRAN 77 for inter-
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active or batch execution and has been im-
plemented on a COC CYBER 170-series 
computer with a central-memory require-
ment of approximately 150K (octal) of 
5O-bit words. The ADS program was devel-
oped in 1984. 
This program was written by Garret N. 
Vanderplaats of the Naval Postgraduate 
School for Langley Research Center. For 
further information, Orcle 54 on the TSP 
Request Card. 
LAR-13341 
Radiation View-Factor 
Program With Interactive 
Graphics 
Six programs help analyze 
radiation flux. 
VIEW is six computer programs for de-
termining view factors, graphically display-
ing surfaces, and evaluating the solar irra-
diation of an assemblage of surfaces. 
These programs offer the thermal engi-
neer a powerful system for view-factor 
determination. 
For spacecraft, space structures, solar 
receivers, industrial furnaces, and other 
design situations, radiation is the dominant 
heat-transfer mechanism. Accurate deter-
mination of the radiant flux is necessary for 
engineering analyses. The central pro-
gram of this system (VI EWC) computes the 
longwave radiant-energy exchange fac-
tors between the surfaces that make up an 
enclosure. Other VIEW programs support 
the user working with VIEWC. 
VIEWC computes the view factors be-
tween surfaces. These views may be ob-
structed either by other surfaces or by the 
surfaces for which the view factors are be-
ing computed. The view factors are gener-
ally computed by the contour-integration 
technique originally developed by Mittalas 
and Stevenson. When there is the possibility 
that the radiation between any two sur-
faces is obstructed, their view factor is usu-
ally calculated by a double-area-integral 
technique because of the difficulties in de-
fining the contour. 
Structures are defined to VIEWC in 
terms of a collection of flat surfaces, each 
of which has three or four edges (i.e., a tri-
angle or a quadrilateral). There are several 
ways to enter the data for VIEWC. One way 
is compatible with the usual finite-element 
surface definitions, allowing the use of 
finite-element mesh generation programs 
to create input for VIEWC. The VIEWCI pro-
gram eliminates excess common nodes in 
free-form data input, thus reducing the 
amount of storage required. 
VIEWI is an interactive graphics pro-
gram for generating the surface informa-
tion needed for VIEWC. The surfaces may 
be generated Singly or in groups, and the 
user may manipulate them to create the 
desired structure. VIEWI may also be 
used to generate finite-element, two-
dimensional meshes. 
VIEWCM combines the output from two 
VIEWI sessions to make a composite body. 
VIEWG provides interactive graphical dis-
play of the surfaces generated by VIEWI, 
with full hidden-line removal and storage of 
the picture for high-speed processing (e.g., 
rapid rotation or perspective viewing of the 
structure). 
VI EWS computes the solar radiation fail-
ing on a structure and the solar radiation 
that is reflected from the Earth (albedo). In-
put is the same as VIEWC, with additional 
data on the position of the structure with re-
spect to the Sun and Earth. VIEWS runs in 
either batch or interactive mode and com-
putes the solar load as a function of orbital 
position . Output from VIEWS includes: 
Solar view factor, Earth's longwave view 
factor, reflected solar view factor, and total 
solar load_ 
The VIEW programs are written in FOR-
TRAN 77 for batch and interactive execu-
tion. They have been implemented on a 
CDC 6OOO-series computer with the larg-
est program having a central-memory re-
quirement of approximately 220K (octal) of 
50-bit words. The graphics routines are 
based on the Tektronix PLOT10 system 
and assume the use of Tektronix 4010 ter-
minals or emulators. Version 5.5 of VIEW 
was released in 1984. 
This program was written by Ashley F. 
Emery of the University of Washington for 
langley Research Center. For further in-
formation, Circle 53 on the TSP Request 
Card. 
LAR-13299 
Four-Cylinder Stirling 
Engine Control Simulation 
This model includes engine 
mechanical-drive dynamics 
and vehicle-load effects. 
A four-cylinder, Stirling-engine, transient-
engine-simulation computer program has 
been developed. The program is intended 
for control analysis. The associated engine 
model has been simplified to shorten com-
puter calculation time. The model includes 
engine mechanical-drive dynamics and 
vehicle-load effects. The computer pro-
gram also includes subroutines that allow 
(1) acceleration of the engine by addition of 
hydrogen to the system and (2) braking of 
the engine by short circuiting of the work-
ing spaces. Subroutines to calcuiate de-
graded engine performance (e.g., due to 
piston-ring and piston-rod leakage) are pro-
vided. The program is modular to allow 
easy modification of individual routines. 
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Proposed control schemes for four-
cylinder Stirling engines require that the 
working spaces not remain isolated. One 
such scheme is engine braking by short 
circuiting. In this case, all four working 
spaces are connected to high- and low-
pressure manifolds. Row enters or leaves 
a working space depending on the pres-
sure differential and the orientation of the 
check valves between the pressure mani-
folds and the working spaces. A complete 
four -cylinder model was needed to analyze 
this control problem. 
In the model, four cylinders are inter-
connected by four working spaces. Each 
working space contains three volumes -
one for the expansion space and the 
heater, one for the regenerator, and one for 
the cooler and the compression space. 
Each volume is assumed to be at constant 
temperature. Variations in volume temper-
ature can be scheduled as a function of en-
gine speed. 
Differential forces on the pistons are 
translated into torque through the vehicle 
drive geometry and summed to form total 
torque. Torque due to engine friction is sub-
tracted to form brake torque. This is avail-
able to drive the auxiliaries and the vehicle 
load. The vehicle inertia and the gear ratio 
are used to compute the effective load. 
The summation of torques is integrated to 
give engine speed and again to give crank 
angle. The crank angle is used to generate 
piston position. The model can be run in 
this manner, or piston position can be in-
serted as a function of time with torque and 
cycle performance calculated at constant 
speed. 
The simulation is modular to allow for 
each modification of the model. An input 
routine is provided in which the user speci-
fies the transient to be run by setting 
switches and supplying the proper geo-
metric and engine data. The output is also 
selected by the user by setting a switch in 
the input routine. A printout at the desired 
printout increment can be selected. 
The simulation has been run to generate 
both steady-state and transient results. 
Power and torque predictions from the 
simulation compare well with experimental 
data over a wide range of engine speeds 
and pressures. The simulation is capable 
of predicting steady-state performance 
with piston-ring leakage and short circuit-
ing between the working spaces. 
This program is written in FORTRAN IV 
for use on an IBM 370 computer. 
This program was written by Carl J. 
Daniele and Carl F. Lorenzo of Lewis Re-
search Center. For further information 
Circle 56 on the TSP Request Card. ' 
LEW-14106 
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Solution of Radiation and 
Convection Heat-Transfer 
Problems 
Fin-type conduction problems 
are solved with radiative or 
convective boundary 
conditions. 
A computer program P 5399 B has been 
developed to accommodate a variety of 
fin-type heat conduction applications in-
volving radiative or convective boundary 
conditions with additionally imposed local 
heat flux. The program can also accommo-
date a Significant variety of one-
dimensional heat-transfer problems that 
do not correspond specifically to fin-type 
applications. 
The objective was development of a 
rapid, efficient, and convenient computer 
program for solution of radiation fin prob-
lems in thermal analysis. Such problems 
are classified mathematically as double 
boundary-value problems. They are posed 
by an ordinary differential equation not 
amenable to direct closed-form solution. 
Prior techniques involved laborious effort 
employing parametric curves or, alternate-
ly, detailed numerical modeling for a 
general-purpose heat transfer computer 
program. Prior techniques were extremely 
inefficient, and the parametric approach 
could not accommodate lengthwise varia-
tions in thermophysical properties, envi-
ronments, or geometry. 
The heat-transfer application is repre-
sented by a second-order ordinary differ-
ential equation and is posed as a two-point 
boundary value problem. An implicit finite-
difference method is used to approximate 
the differential equation, and the Newton-
Raphson method is employed with a tridi-
agonal linear equation technique to solve 
the system of implicit difference equations. 
The program computes fin-node tem-
perature, while boundary-node tempera-
tures are constrained. The vertical link-
ages may represent either radiation or 
convection and could easily be contrived 
to represent conduction. Moreover, fin 
nodes may have additional heat flux and 
need not have vertical linkages. Thus, the 
program can easily accommodate all but a 
few specialized one-dimensional heat-
transfer analyses as well as many two-
dimensional analyses. However, it con-
tains no special provision for computation 
of bol:mdary-condition heat rates. 
Temperature-dependent input data are 
accommodated by a simple namelist for-
mat. Graphical output data are displayed 
interactively or in batch mode. 
The program is written in FORTRAN IV 
for the CYBER 172 computer. It can 
achieve an order-of-magnitude reduction 
SOLAR DYNAMIC 
POWER SYSTEM 
Small Scale Rankine Cycle Pow-
er Generation System is being 
developed by Centrifugal Piston 
Expander Inc. to produce elec-
trical power from any heat 
source, including solar energy, 
through the use of its Rotary Pis-
ton Expander/Engine Prototype 
(Pat. Pending) which operates 
with low pressure requirements 
(as little as 30 psig working gas 
pressure) without a crankshaft 
in a rankine cycle system to pro-
duce power with instantaneous 
torque from low to high heat 
source. Variable displacement 
capability is available. 
Written inquiries invited: 
Centrifugal Piston 
Expander Inc. 
StS Busby 
San Antonio, Texas 78209 
(512) 824-3093 
Circle Reader Action No. 417 
in CYBER 172 run time when employed as 
a substitute for current general-purpose 
heat-transfer programs. 
This program was written by R. F. 
O'Neill of General DynamiCS Corp. for ~ 
Lewis Research Center. For further infor-
mation, Circle 34 on the TSP Request Card. 
LEW-13978 
Orbit Transfer Programs 
Fast, approximate solutions 
and exact solutions are 
obtained. 
A collection of computer programs have 
been developed that solve the problem of 
transfer between noncoplanar circular or-
bits for spacecraft with chemical propul-
sion systems. The programs are set up to 
find Hohmann-type solutions, with burns 
near the perigee and apogee of the trans-
fer orbit. They are not set up to find biellipti-
calor other non-Hohmann maneuver 
types. They will solve transfers with fairly long 
bum arcs but will not solve continuous-bum 
spiral transfers. They will solve "divided 
burn" transfers: Transfers in which the per-
igee (or apogee) burns are divided into re-
peated smaller perigee (or apogee) burns 
in order to reduce the average bum arc 
length and improve transfer fuel efficiency. 
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The programs model the propulsion sys-
tem as either constant thrust or constant 
acceleration. A spherical Earth gravity 
model is used. 
The solutions obtained are optimal with 
respect to fuel use; that is, the final mass of 
the spacecraft is maximized with respect 
to the controls. The controls assumed here 
are the direction of thrust and the thrust 
on/off times. The spacecraft continuously 
varies its orientation during the burns so as 
to track the optimal thrust direction. 
Two basic programs are given. The first, 
referred to as the "exact solution," gives 
complete, exact time histories of transfers. 
The exact spacecraft position, velocity, 
and optimal thrust direction are given 
throughout the maneuver as are the opti-
mal thrust switch points, transfer time, and 
fuel cost. 
The exact solution programs are fairly 
large, iterative programs. Two versions are 
given: One for non coplanar (3-D) transfers 
and a faster version for transfers between 
coplanar orbits (2-D transfers). 
The second, or "approximate solution," 
program gives approximate information on 
the transfer time and fuel cost but provides 
no detail of the trajectory. The approxima-
tions are accurate for transfers when burn 
arcs are relatively small. 
The advantages of the approximate so-
lution are that it is a much simpler and 
faster program and that it has no difficulty 
converging on a solution. The approximate 
solution is used to estimate initial condi-
tions for the exact solution. It can be used 
in divided-burn transfers to find best num-
bers of burns with respect to time. It is use-
ful by itself in relatively efficient, short burn-
arc transfers. The programs are written in 
FORTRAN IV for use on a DEC computer. 
This program was written by J. V. 
Breakwell of the Stanford University for 
Lewis Research Center_ For further infor-
mation, Circle 35 on the TSP Request Card. 
LEW-14089 
Bearing Thermal 
Performance Prediction 
Better estimates are obtained 
when the lubricant density is 
considered. 
A parameter that describes the density 
of the lubricant/air mixture within a bearing 
was required as input for computer codes 
used for thermal analysis and temperature 
distributions in ball and roller bearings. The 
parameter is called the lubricant percent 
volume or cavity factor (XCAV). It is used 
primarily in the calculation of ball or roller 
drag and, therefore, significantly affects 
calculated bearing-heat generation and 
temperature distribution. 
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An equation for lubricant percent vol-
ume in the bearing cavity XCAV was de-
rived based upon experimental data from 
three sizes of angular-contact ball bearings 
run over a range of speeds and lubricant 
flow rates. Previously, it had been estab-
lished that values of XCAV in the range 
from 2 to 5 percent should be used, but lit-
tle basis existed for selection of the actual 
value to be used. For more critical high-
speed aerospace ball and roller bearing 
applications where jet lubrication or under-
race lubrication is used, a more precise es-
timate of XCAV is required for reasonable 
thermal-performance predictions. 
Bearing-heat generation and tempera-
ture distribution were calculated using the 
computer program SHABERTH, an exist-
ing program for analysis of shaft and bear-
ing thermal performance [described in 
"Thermal Performance of Shaft Bearing 
Systems" (LEW-12761) on page 269 of 
NASA Tech Briefs, Vol. 3, No. 2]. By com-
paring predicted and experimental heat 
generation and temperature, the following 
equation for XCAV was derived: 
XCAV = 8.62 x 105 Wo.37N·1Dm·1 .7 
either jet or underrace lubrication. Using 
values of XCAV determined with this equa-
tion, the thermal performance of thrust-
loaded, angular-contact ball bearings can 
be accurately predicted with the computer 
program SHABERTH. The new equation 
accounts for the sensitivity of XCAV to shaft 
speed, lubricant flow rate, and bearing 
size, and provides a Significant improve-
ment over previous estimation methods. 
where W is the lubricant flow rate through 
the bearing cavity, in gal/min; N is the shaft 
speed, in rpm; and 0 is the bearing pitch 
diameter, in in. 
The equation was found to be valid for 
angular-contact ball bearings having bore 
diameters ranging from 35 to 167 mm, with 
This program was written by Richard J. 
Parker of Lewis Research Center_ Fur-
ther information may be found in NASA TP-
2275 [N84-18654INSP], "Comparison of 
Predicted and Experimental Thermal Per-
formance of Angular Contact Ball Bearings" 
[$7]. A copy may be purchased [prepay-
ment required] from the National Technical 
Information Service, Springfield, Virginia 
22161. 
LEW-14163 
Three-Dimensional, 
Subsonic, Turbulent 
Juncture Region Flow 
Finite-element methodology is 
used in predicting the flow 
near winglbody, wing/wing let, 
and pylon/wing junctures. 
CMC3DPNS predicts three-dimensional, 
subsonic, turbulent aerodynamic juncture 
region flow. This versatile program for 
comprehensive flow-field analysis applies 
finite-element methodology to nonlinear 
field problems. 
A prime requirement in computational 
flow mechanics is flow prediction in junc-
ture regions formed by the intersection of 
aerodynamic surfaces, such as winglbody, 
wing/winglet, and pylon/wing. In most in-
stances, the associated flow is three-
dimensional, subsonic wijh variable denSity, 
and turbulent. An order-of-magnitude anal-
ysis of the subsonic, three-dimensional, 
steady time-averaged Navier-Stokes equa-
tions for semibounded aerodynamic junc-
ture geometries yields the parabolic 
Navier-Stokes equations . CMC3DPNS 
solves these equations to predict the 
juncture-region flow. 
In CMC3DPNS, the numerical solution 
of the pressure Poisson equation, resulting 
from the parabolic Navier-Stokes equa-
tions, is cast into complementary and par-
ticular parts, yielding an iterative interac-
tion algorithm with an exterior three-
dimensional potential flow solution. A para-
bolic transverse momentum equation set 
is constructed, with robust enforcement of 
first-order continuity effects accomplished 
by a penalty differential constraint concept 
within a finite-element solution algorithm. A 
Reynolds stress constitutive equation, with 
low-turbulence ReynOlds-number wall 
functions, is employed for closure using 
parabolic forms of the two-equation, turbu-
lent kinetic energy dissipation. 
CMC3DPNS is written in FORTRAN 77 
for batch execution and has been imple-
mented on a CDC CYBER 205 computer 
with a memory requirement of approxi-
mately 250K (octal) of 54-bit words. The 
CMC3DPNS code is not vectorized and 
should be readily adaptable to the CDC 
CYBER 70/170-series computers with the 
FORTRAN V compiler. CMC3DPNS was 
developed in 1982. 
This program was wrftten by A. J. Baker, 
P. O. Manhardt, and J. A. Orzechowski of 
Computational Mechanics Consultants, 
Inc. for Langley Research Center_ For 
further information, Circle 20 on the TSP 
Request Card. 
LAR-13263 
Zero-Lift Wave Drag of 
Complex Aircraft 
Configurations 
Total drag and the wave-drag 
coefficient are calculated. 
WAVDRAG calculates the supersonic 
zero-lift wave drag of complex aircraft con· 
figurations. The numerical model of an air-
NASA Tech Briefs, Winter 1985 
craft is used throughout the design process 
from concept to manufacturing. WAV-
DRAG incorporates extended geometric 
input capabilities to permit use of a more 
accurate mathematical model. With WAV-
DRAG, the engineer defines aircraft com-
ponents as fusiform or nonfusiform in 
terms of traditional parallel contours or 
nonintersecting contours in any direction. 
In addition, laterally asymmetric configura-
tions can be simulated. 
The calculations in WAVDRAGare based 
on Whitcomb's area-rule computation of 
equivalent bodies, with modifications for 
supersonic speed. Instead of using a single 
equivalent body, WAVDRAG calculates a 
series of equivalent bodies, one for each 
roll angle. The total aircraft configuration 
wave drag is the integrated average of the 
equivalent-body wave drags through the 
full roll range of 360 degrees. 
WAVDRAG currently accepts up to 30 
user-defined components containing a 
maximum of 50 contours as geometric in-
put. Each contour contains a maximum of 
50 points. The mach number, angle of at-
tack, and coordinates of angle-of-attack 
rotation are also input. The program warns 
of any fusiform-body line segments having 
a slope larger than the mach angle. 
WAVDRAG calculates total drag and the 
wave-drag coefficient of the specified air-
craft configuration. The equivalent-body 
areas for each component at the specified 
roll angles are also available. 
WAVDRAG is written in FORTRAN 77 
for batch execution and has been imple-
mented on a CDC CYBER 170:series com-
puter with a central-memory requirement 
of approximately 110K (octal) of 60-bit 
words. The program was developed in 
1983. 
This program was written by Charlotte 
B. Craidon of Langley Research Center. 
For further information, Circle 13 on the 
TSP Request Card. 
LAR-13223 
Keep vour working 
paris in order. 
t o American Heart AsSOCiation 
INE"RE FIGHTIN3 FCmOJR UFE 
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ENHANCE YOUR 
PRODUCT 
RELIABILITYI 
Manufacturers nationwide rely on the high quality 
and timely delivery of Aurora Bearing Company 
products. Select from a complete family of 
general purpose, economy, extra strength and 
heavy-duty rod ends to 2" bore size. Quality 
1-piece race, swaged construction, precision 
ground balls for maximum trouble-free perfor-
mance_ Aurora Bearing, THE MOTION TRANSFER 
SPECIALISTS, will customize units to your special 
materials and linkage re-
quirements. 
Aurora Bearing is an OEM 
supplier of rod ends and 
special linkages to the 
following industries: 
• HEAVY TRUCKING & 
TRANSPORTATION 
• PRINTING EQUIPMENT 
• AUTOMATION & 
PACKAGING 
MACHINERY 
• AIRCRAFT-
AEROSPACE 
• OFF·HIGHWAY 
CONSTRUCTION 
EQUIPMENT 
• FARM MACHINERY 
AND EQUIPMENT 
• RACING CARS OF All 
TYPES 
• AND MANY MORE ... 
Let Aurora Bearing apply its 
manufacturing, application, 
and design expertise to your 
needs. Call or write today for 
technical assistance, price 
and delivery on your rod end 
and special linkage applica-
tions. 
WRITE FOR 
CURRENT 
CATALOG 
SPECIALLY 
DESIGNED 
LINKAGES 
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Pumped, Two-Phase Heat-Transfer Loop 
A liquid-and-vapor circulator 
can either heat or cool. 
Lyndon B. Johnson Space Center, Houston, Texas 
A proposed two-phase heat-transfer 
system would deliver coolant to equipment 
as a liquid and remove it as a vapor. Alter-
natively, the system could heat equipment 
by delivering vapor and removing con-
densed liquid. The two-phase scheme, 
which was originally proposed for use on 
the Space Shuttle, is effective for heat 
transfer over long di~tances. 
When the system operates in the cool-
ing mode, liquid is pumped to plates that 
absorb the surrounding heat (see figure). 
The plates contain capillary grooves 
through which the liquid flows, cooling the 
plates and the equipment mounted on 
them. As the liquid absorbs heat from the 
plates, it evaporates into a vapor line and 
passes to a condenser. There, the liquid 
transfers its heat to a radiator and con-
denses. The condensed liquid is recircu-
lated by the pump. 
Uquid flow is controlled by a valve on 
each plate. The valves may be conven-
tional expansion valves like those in refrig-
erators. A valve would sense the plate tem-
perature with a sensing bulb. As the bulb 
temperature increases, its contents would 
create increasing pressure on a dia-
phragm in the valve, and the diaphragm 
would open the valve to admit more liquid 
to the plate. Alternatively, the liquid flow 
may be controlled by a valve equipped with 
an ultrasonic transducer that senses the 
liquid in the plate. 
If the system is used to heat the plates, 
vapor would flow into the plates, where it 
would release heat of condensation. A 
control valve would admit the condensed 
liquid to a liquid-suction line, which would 
return it to the pump inlet for recirculation. 
The two-phase system offers these ad-
vantages over a single-phase system. 
• The loop would operate at a nearly con-
stant temperature - with a differential 
of about 5° C instead of the 40° C of 
single-phase systems. Moreover, ali 
heat-transfer locations would operate at 
the same temperatures, and equipment 
could thus be placed on any plate. 
• Less pumping would be needed because 
the extra heat capacity afforded byevap-
oration and condensation would reduce 
the required flow rate. Radiator weight 
would be reduced for the same reason. 
• Equipment to be heated could draw waste 
heat more conveniently from other equip-
ment instead of using electrical heating. 
• Parallel branches could readily be added 
to the loop. 
This work was done by Fred Edelstein of 
Grumman Aerospace Corp. for Johnson 
Space Center. No further documentation is 
available. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Johnson 
Space Center [see page 29]. Refer to 
MSC-20841. 
Vapor Li ne 
Flow 
liqUid-Supply Line 
Accumulator 
Heat-Transfer Plates can either remove heat from or supply heat to equipment. If the tem-
perature of a plate is high, its valve opens the liquid-supply line to the plate, and cooling 
results. If the plate temperature Is low, the valve opens the liquid-suction line to the plate, 
and heating ensues. 
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Hydrogen Refrigerator Would Cool Below 10 K 
Concept for cryogenic cooling would use 
energy from low-grade heat. 
NASA's Jet Propulsion Laboratory, Pasadena, california 
A proposed closed-cycle hydrogen re-
frigerator would use low-level heat energy 
to cool objects to a temperature of 10 K. 
The refrigerator would need only a fraction 
of the energy of previous equipment with 
similar low-temperature capability. The unit 
would be compact and light in weight. With 
valves as the only moving parts, it should 
be reliable for many years. 
The new hydrogen refrigerator concept 
was developed for cooling sensitive infra-
red detectors for airborne and aerospace 
cameras. It overcomes an earlier limitation 
of hydrogen cryogenic cooling systems in 
that it can cool below the freezing tempera-
ture of hydrogen (13.8 1<). It offers advan-
tages over helium-based systems for ex-
tremely low temperatures. For example, it 
can operate on waste or solar heat instead 
of electrical energy. It is simpler mechani-
cally and less subject to wear. It conserves 
and recycles Its working fiuid rather than 
expending it and thus can function for 
many years rather than just a few months. 
Aside from aerospace applications, the hy-
drogen refrigeration concept might be 
adapted to cooling superconducting mag-
nets on magnetically levitated railcars, 
nuclear-particle accelerators, and a varie-
ty of other cryogenic equipment. 
The refrigerator employs two stages. 
The first stage, using previously developed 
technology based on the absorption and 
release of hydrogen by lanthanum penta-
nickel, produces liquid hydrogen at a tem-
perature of about 20 K. The liquid hydrogen 
fills one of two containers in the second 
stage (see figure). When the container is 
full , the liquid-hydrogen supply is cut off, 
and the hydrogen vapor in the container is 
absorbed in a vessel containing a low-
pressure hydride material, such as palladi-
um, which has a high affinity for hydro-
gen, at a temperature of 275 K. As a re-
sult of the absorption, the pressure in the 
liquid-hydrogen container dr~ to 1.7 torr 
(230 NJm2). As the pressure falls, the hydro-
gen cools and solidifies, stabilizing at about 
10 K. The solid hydrogen sublimates at the 
low container pressure, removing heat 
from an infrared sensor (or other object) as 
it does so. 
The sublimated gas enters a heat ex-
changer, where it precools gas that is be-
ing returned to an alternate liquid-hydrogen 
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The Hydride Refrigeration System with few moving parts comprises a 20-K first stage and 
a below-10-K second stage. 
vessel from an alternate palladium ab-
sorber that has been heated to 425 K to 
release the hydrogen. When the solid hy-
drogen has sublimated completely, the 
system switches to the alternate liquid-
hydrogen vessel, and the alternate palladi-
um absorber is cooled to 275 K to absorb 
hydrogen. The cycle then repeats. Thermal 
switches connect first one hydrogen ves-
sel, then the other, to the heat load, de-
pending on which container is sublimating 
its solid hydrogen content. 
The cycle time is fairly lengthy. About 
120 9 of solid hydrogen, cooling at a rate of 
100 mW at 10 K, may require about a week 
to sublime completely. 
This work was done by Jack A Jones of 
Caltech for NASA's Jet Propulsion lab-
oratory. For further information, Orcle 4 on 
the TSP Request Card. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA Resi-
dent Office-JPL [see page 29]. Refer to 
NPO-16393. 
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Agglomeration-Free Distributor for Fluidized Beds 
Spiral-flow distributor prevents bed 
particles from gathering on it. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
A new gas distributor for flu idized beds 
prevents hot particles from reacting on it 
and forming a hard crust. In the reduction 
of iron ore in a fluidized bed, for example, 
the are particles do not sinter on the distrib-
utor and perhaps clog it or otherwise inter-
fere with gas flow. The new distributor is 
also relatively cool. Thus, in the fluidized-
bed production of silicon, inflowing silane 
does not decompose until it is within the 
bed of hot silicon particles and can deposit 
on them. 
Called a "spiral distributor," the new unit 
consists of overlapping plates, each plate 
being shaped like a sector of a circle (see 
figure). The plates are welded together at 
the center. Gaps between the plates admit 
flowing gas. The gas swirls into the bed, 
creating a turbulent zone with a low density 
of solid particles immediately above the 
distributor plate. Above the turbulent zone, 
the particles form a conventional fluidized 
bed. The turbulent flow above the spiral dis-
tributor keeps the particles moving so that 
they do not rest on it and adhere. 
A working model of the spiral distributor 
was compared with a conventional distrib-
utor made of porous, sintered stainless 
steel. In the spiral distributor, the number of 
plates was varied between 24 and 32, and 
the interplate gap was varied from 0.214 to 
0.813 millimeter. For both types of distributor, 
three types of particles were used to fill the 
fluidized bed: Sand, silicon, and zirconia. 
For the spiral distributor, the pressure 
drop was always lower than for the con-
ventional distributor, enabling the blower to 
consume less power. At high gas speeds, 
Distributor 
Plates 
Central Weld 
Point 
the spiral distributor gives a better quality 
of fluidization; pressure fluctuations across 
the bed are low, gas bubbles are small, and 
contact of the gas with solids is greater. In-
deed, for such high-density bed-particle 
materials as zirconia, the fluidization quali-
ty is better for all gas speeds. At low gas 
speeds, for all types of particles, the trans-
fer of heat from the bed to the spiral distrib-
utor is less than to a porous distributor 0p-
erating at the same gas-feed conditions 
and bed temperature. 
This work was done by Fan OuYang of 
the Institute of Chemical Metallurgy, Aca-
demia Sinica, and Octave Levenspiel of 
the Oregon State University for NASA's 
Jet Propulsion Laboratory. For further 
information, Circle 42 on the TSP Request 
Card. NPO-16466 
Fluidized Bed 
The Plates of the Spiral Distributor are arranged to direct the incoming gas into a spiral flow. The turbulence in the flow reduces the fre-
quency of contact between fluidized-bed particles and the distributor. There appears to be no tendency for particles to collect at the cen-
tral weld point. 
Adjustable-Angle Drill Block 
Holes are drilled at a precise angle 
to the surface of a structure. 
Langley Research Center, Hampton, Virginia 
The adjustable block illustrated in the 
figure helps to drill precise holes at an 
angle to the surface of a structure. It has 
154 
been used in fabricating wind-tunnel mod-
els, where holes drilled at an angle in one 
part have to be "transferred" and drilled at 
the same angle in a mating part. Improper-
ly ali ned parts could fail during wind-tunnel 
tests, causing expensive damage to the 
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1. With the assembly in the rigged position. drill a pilot hole (using a *40 drill with a 
110 sleeve) in the inserts through jig-bored installation holes in the support 
structure. 
2. Remove the insert arrays. Do not rotate the inserts arrayed on threaded stock. 
The center distances of threaded holes must be maintained for accurate reinstal-
lation in assemblies 
3. Fit the arrayed insert into the adjustable angle drill block. 
4. Center the pilot hole lengthwise. Tighten the setscrew lock. 
5. Loosen the adjusllng screws, 
6. Insert a dowel through the'40 slip·removal bushing and into the pilot hole. Adjust 
the angle and location of the angle block. 
7, Lcx::k the adjusting screws with the dowel in place Check the alinement. The 
dowel should slip fit through the pilot hole and bushing. 
8. Using a 840 drill. drill through the insert. 
9. Using a 125 (0.1495-in.) drill (tap size drill for 10·24 thread) and a , 25 Slip· 
removable bushing. drill through the Insert. 
to. With a 110 (0.1935-1n.) slip·rerrovable bushing and a 10·24 starting tap. tap 
through the insert. 
11 . Chamfer and deburr the tapped hole. 
Insert #40 Drill -
Piiot Spot Drilled From 
Rigged Assembly 
Special Clamping Device 
Required for Small Trapezoidal 
Inserts - Not Required on Large 
Angular Surfaces 
12. Repeat the operationS for all InsertS. 
The Adjustable Angular Drill Block accurately transfers hole patterns from mating sllrfaces that are not normal to each other. The drilling 
procedure is shown at the right. 
tunnel and to the model being tested. 
The hole angle is transferred precisely 
by using the adjustable-angle drill block, A 
procedure for drilling holes using the block 
is given in the figure, The block is applica-
ble to the transfer of nonperpendicular 
holes in mating contoured assemblies in 
the aircraft industry. It also is useful in gen-
eral manufacturing to transfer mating in-
stallation holes to irregular and angular 
Rotary Joint for Heat Transfer 
A mixture of liquid sodium and potassium fills the 
interface between the rotating and stationary sections. 
Marshall Space Flight Center, Alabama 
A proposed rotary jOint would exchange 
heat between two heat pipes - one rotat-
ing and one stationary. The joint would ac-
commodate varying heat loads with little 
temperature drop across the interface. 
Originally proposed to exchange heat be-
tween rotating spacecraft sections, the 
joint would be leakproof and easy to as-
semble. It would also provide structural 
support to the heat pipes. 
According to the concept, a heat pipe 
enters the center of the disklike stationary 
section of the jOint (see flQure). There, the 
wicks in the central artery of the heat pipe 
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separate into multiple strands that lead to 
concentric channels on the rotary-
interface side of the stationary disk. The ro-
tating heat pipe is connected to the rotary 
section of the joint in the same way A 
thrust bearing links the stationary disk to 
the rotary disk. A mixture of liquid sodium 
and potassium lies between the two disks 
and is contained by a rotary seal. Thus. 
heat from the concentric grooves in one 
disk flows through the walls of the disk, 
through the liquid alloy, and into the 0ppo-
site disk. 
The pipes. disks. and wicks would be 
surfaces. 
This work was done by Frank H, 
Gallimore of McDonnell Douglas Corp. for 
Langley Research Center. No further 
documentation is available. LAR-13101 
o 
made of aluminum. selected for its high 
thermal conductivity. light weight. and 
compatibility with the heat-pipe and disk-
gap fluids. The pipes, arteries, channels in 
the disks. and wicks would be lined with 
sintered powdered aluminum. The wick 
systems of the stationary and rotating 
disks are identical. with tunnel arteries fit 
into the channel comers. 
Acetone would be the working fluid in 
the heat pipes proposed for the original 
NASA application. It transfers heat effec-
tively in the 00_to-40° C range of operating 
temperature. It also has a low vapor pres· 
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A Thin Layer of Liquid Sodium/Potassium Alloy carries heat from one member of the rotary joint to the other. The liquid conducts heat ef-
ficiently while permitting relative motion between the members.,Polypropylene rings contain the liquid without interfering with rotation. 
sure and thus allows thin-walled parts and, 
consequently, low temperature drops. Uq-
uid sodiuml!X>tassium alloy was selected 
as the disk-gap medium because it is com-
patible with aluminum, has high thermal 
conductivity, and does not eva!X>rate readi-
ly at the anticipated operating atmospheric 
pressure. 
Polypropylene is the material of choice 
for the rotary seal. It is compatible with the 
liquid alloy and produces little outgassing. 
More tests are needed, however, to deter-
mine whether a !X>lypropylene seal has 
adequate life. A lightweight ball-type bear-
ing was deSigned for the jOint; the bearing 
will probably not require lubrication or, at 
most, will need molybdenum disulfide dry 
lubricant. 
The disk-on-disk structure offers effi-
cient heat transfer. When operating at 56 per-
cent of capacity, it is expected to transfer 
10 kW of heat with an overall temperature 
drop of only 50 C. 
This work was done by R. Shauback of 
Thermacore, /nc., for Marshall Space 
Right Center. No further documentation 
is availab/e. 
Inquiries concerning rights for the com-
mercia/ use of this invention should be ad-
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 29). Refer to 
MFS-26015. 
Carbon/Carbon Pistons for Internal Combustion Engines 
Carbon/carbon material reduces piston weight 
and eliminates piston rings. 
Langley Research Center, Hampton, Virginia 
The carbon/carbon piston performs the 
same function as aluminum pistons in re-
ciprocating internal combustion engines 
while reducing weight and increasing the 
mechanical and thermal efficiencies of the 
engine. The carbon/carbon piston concept 
(see figure) features a low piston-to-
cylinder wall clearance - so low, in fact, 
that piston rings and skirts are unneces-
sary. These advantages are made fXlSSible 
by the negligble coefficient of thermal e~ 
sion of carbon/carbon [0.3 x 10£ in.linJO F 
(0.54 X 10-6 cm/cm/ o C)). Aluminum, in 
comparison, has a coeffICient of thermal ex-
156 
pansion over 40 times that of carbon/carbon. 
The carbon/carbon material maintains 
its strength at elevated temperatures, al-
lowing the piston to operate at higher tem-
peratures and pressures than a compar-
able metal piston. The high emittance and 
low thermal conductivity of the carbon/car-
bon piston will improve the thermal effi-
ciency of the engine because less heat en-
ergy is lost to the piston and oooling system. 
The elimination of rings reduces friction, 
thus improving mechanical efficiency. 
Besides being lighter than an aluminum 
piston for the same application, the carboni 
Carbon/Carbon 
Material 
Piston 
Crown 
Wrlst·Pin 
Boss 
A Carbon/Carbon Piston Eliminates Pis· 
ton Rings and allows a minimal piston 
skirt length. 
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carbon piston will produce cascading effects 
that will reduce the weight of other recipro-
cating components such as the crankshaft, 
connecting rods, flywheel, and balances, 
thus improving specific engine perform-
ance. The engine can run at higher speeds 
than an aluminum piston engine, again im-
proving specific engine performance. 
AA alternate carbon/carbon piston con-
cept includes the use of a carbon/carbon 
cylinder wall provided by a carbonlcarbon 
sleeve in a cylinder block of a more con-
ventional material. This modification fur-
ther increases the specific power and ther-
mal efficiency by lowering heat losses to 
the coolant. 
This work was done by Allan H. Taylor of 
Langley Research Center. No further 
documentation is available. 
This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive li-
cense for its commercial development 
should be addressed to the Patent Coun-
sel, Langley Research Center [see page 
29]. Refer to LAR-13150. 
Calculating Flow-Angle Deviation. in Rotary Pumps 
The difference between rotor-blade 
angle and flow angle is computed. 
Marshall Space Flight Center, Alabama 
A new mathematical formula calculates 
the difference between the angle of an im-
peller blade and the angle of flow. The for-
mula can be used for inducers of mixed-
flow pumps. With the formula, calculations 
can be made more quickly and accurately 
than with previously available formulas 
(see figure). 
The formula is adapted from a NASA for-
mula for the impeller slip factor. The slip-
factor formula is applied locally to an in-
ducer or to a mixed-flow-rotor exit station to 
derive an equation for the local slip factor. 
The slip-factor equation is then used to de-
velop an equat ion for the local rotor-
discharge deviation angle. The deviation 
angle is expressed in closed form as a 
function of the local discharge blade angle, 
the rotor axial-Iength-to-radius ratio, the lo-
cal flow coefficient, and the local slip 
coefficient. 
This work was done by S. Y Meng and 
R. B. Furst of Rockwell International Corp. 
for Marshall Space Right Center. For 
further information, Circle 101 on the TSP 
Request Card. 
MFS-29062 
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Hub Location of Rotor Tip 
The Deviation Angle Estimated by the New Formula is closer to that predicted by a 
quasl-three-dimensional solution than the angle calculated from a previously used estima-
tion formula. 
Rough/Smooth Rotary Seal 
Contrasting mating surfaces increase 
strength and decrease leakage. 
Marshall Space Flight Center, Alabama 
A rotary seal for a turbopump combines 
the low leakage of a labyrinth seal with the 
high load capacity of a smooth-surface annu-
lar seal. The new seal acts as a strong journal 
bearing that provides high stiffness -
NASA Tech Briefs, Winter 1985 
about the same as that of the ball bearings 
for the turbopump shaft. The seal thus 
shares the load with the ball bearings and 
prolongs their lives. At the same time, the 
seal allows minimal leakage of fluid from 
the pump. By combining leakage control 
and bearing functions, the seal makes mul-
tiple seals unnecessary and thus allows 
compact design. 
The seal employs a stator section with a 
157 
o 
A Stator Seal Insert is produced with a deliberately roughened surface to improve load-
bearing capacity and reduce leakage. 
Peristaltic Pump With a Stable Output 
Pumping channels prevent permanent changes 
in flow rate due to loss of elasticity. 
Lyndon B. Johnson Space Center, Houston, Texas 
A proposed design for a peristaltic 
pump would decrease the flow-rate 
change that results from the loss of elastic-
ity. In a conventional peristaltic pump, plas-
tic tubing is squeezed repeatedly to move 
End 
Cap 
Nonmetallic 
Rollers 
liquid 
Inlet 
Barrel 
liquid through it. After a brief operation, the 
volume of liquid displaced by squeezing 
changes because the tubing acquires a 
permanent "set" as a result of the large de-
flections imposed on its wall. In critical lab-
liner 
SECTION A·A 
rough surface (see figure) and a mating 
rotor section with a srrcoth surface. The sta-
tor is roughened to a finish of about 800 /-lin. 
(20 ~), and the rotor is smoothed to a fin-
ish of 8 /-lin. (0.2 ~). The rough/smooth 
seal design reduces the axial velocity of 
the fluid and thereby reduces leakage. It 
also reduces the tangential velocity of the 
fluid, thereby increasing the dynamic 
stability. 
The rough/smooth seal has been used 
in a high-pressure liquid-oxygen pump. Its 
high load capacity has been confirmed in 
rocket-engine tests, and its ability to con-
trol leakage has been demonstrated in a 
water test. 
This work was done by W C. Olen and 
E. D. Jackson of Rockwell International 
Corp. for Marshall Space Right Center. 
No further documentation is available. 
MFS-19947 
oratory or hospital applications, the tubing 
must be repositioned in the pump periodi-
cally so that a fresh section is available. 
Instead of the tubing, the new pump 
uses a special flexible liner as the pumping 
liquid 
Outlet 
Pumping Channel in 
Axial View Is 
Bounded by Intersecting 
Equal Circular Arcs 
Rollers Squeeze Channels in a liner molded from a durable elastomer such as silicon rubber. For the three rollers depicted here, the helix 
angle of the channels is larger than 120°. 
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channel. The liner is molded as a single 
piece of flexible plastic with helical internal 
channels (see figure). 
Three rollers move around the inner wall 
of the liner, compressing the channels and 
forCing liquid before the constrictions. As 
the rollers move on, the channels open 
elastically, drawing in liquid from the inlet 
port and making it available when the 
rollers return. The dimensions and shapes 
of the channels in the liner are chosen to 
minimize fatigue stresses caused by the 
repeated squeezing. Therefore, the liner 
should not acquire a noticeable set. 
Every channel must be closed by a roller 
to prevent backflow. This means that the 
angle between rollers must always be less 
than the helix angle of the channels. If only 
one roller were used, for example, the helix 
angle would have to be greater than 360 0 . 
In an alternative version of the pump, 
the rollers would be on the outside wall of 
the liner. In this configuration, the rollers 
would be belt- or gear-driven, rather than 
directly driven by a motor, so that an inlet 
connection could be made for the liquid. 
This work was done by Joseph A. 
Chandler of Johnson Space Center. No 
further documentation is available. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Johnson 
Space Center [see page 29]. Refer to 
MSC-20907. 
Books and Reports 
These reports, studies, and hand-
books are available from NASA 
as Technical Support Packages 
(TSP's) when a Request Card 
number is cited ; otherw ise they 
are available from the National 
Technical Information Service. 
Systems Engineering of 
Electric and Hybrid 
Vehicles 
Hybrid vehicles are sought by 
optimizing electric- and 
combustion-eng i ne 
combinations. 
A technical paper notes that systems 
engineering principles can be applied to 
the development of electric and hybrid ve-
hicles such that system performance re-
quirements support the overall program 
goal of reduced petroleum consumption. 
The paper discusses the iterative design 
approach dictated by systems analyses. In 
addition to the obvious performance pa-
rameters of range, acceleration rate, and 
energy consumption, systems engineering 
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SPACE 
THE NEW FRONTIER 
The Equity Research Department of 
Shearson Lehman/American Express Inc. 
and 
The Center for Space Policy, Inc. 
advisors to the U. S. Government and Industry 
are pleased to announce 
SPACE 
the first monthly analysis of commercial 
investment opportunities in space. 
The financial expertise of SHEARSON LEHMANI 
AMERICAN EXPRESS and the special knowledge 
of THE CENTER FOR SPACE POLICY have teamed 
to offer a totally new investment service to help 
investors evaluate these and other opportunities in 
this New Frontier. 
For information contact: James P. Samuels, Shearson Lehmani 
American Express, 2 World Trade Center, New York, NY 10048. 0 
(212) 321-5722 or Brad M. MeslinlDavid Lippy. CENTER FOR 
SPACE POLICY. INC. 1972 Massachusetts Avenue, Cambridge. 
MA 02140, (61 7) 576-2266/2828 
Circle Reader Action No. 384 
also considers such major factors as cost, 
safety, reliability, comfort, the necessary 
supporting infrastructure, and availability 
of materials. 
Petroleum COI1SUrll)tion can be redJced 
by the use of electrical energy from utilities 
to charge batteries in electric and hybrid 
vehicles. Electrical generation by utilities is 
not entirely free from petroleum depen-
dence. However. only about 10 to 15 per-
cent of the current U.S. utility baseload is 
produced by burning oil. During offpeak 
periods, enough excess generating capac-
ity is available to charge a large number of 
electric and hybrid vehicles. 
In discussing systems analysis of the 
developmental ETV-1 electric car, the 
paper observes that the vehicle is highly ef-
ficient and well designed. but the practical 
drMng range is severely limited by battery 
capaCity. Because of this, there Is concern 
that all-electric vehicles may never be pur-
chased in sufficient numbers to satisfy 
petroleum-saving goals. 
The hybrid approach retains much of 
the petroleum independence of all-electric 
vehicles while providing the greater range 
of gasoline and diesel-powered vehicles. 
Such vehicles contain a battery-powered 
electric motor and a conventional gasoline 
or diesel engine. Hybrid vehicles have 
been designed according to three basic 
159 
160 
A 
sound 
cleaning 
investment. 
When it comes to ultrasonic 
cleaners, more and more indus-
tries are making the sound de-
cision ... new F3000 series 
Ultrasonic Cleaners from Clean 
Room Products. 
F3000 cleaners are available in 
nine sizes, covering a range of 
capacities from '/z to 7'12 gallons. 
Innovative circuit design offers 
the most efficient cleaning avail-
able, while protecting sensitive 
parts from damage. Automatic 
self-tuning compensates for 
changes in liquid level, tempera-
ture, and parts loading. And 
plug-in circuit modules mean easy 
maintenance. In addition, CRP 
chemists have compounded five 
new solutions to meet every 
ultrasonic cleaning requirement. 
For over 20 years, CRP has 
specialized in providing com-
plete clean room environments, 
equipment, and supplies. Our six 
divisions are professionally man-
aged and staffed to serve your 
every clean room need. 
To find out more about F3000 
series Ultrasonic Cleaners or 
other clean room products and 
services, write or call today. 
Clean Room Products, Inc. 
Productivity Through 
Engineered Environments 
56 Penataquit Avenue 
Bay Shore, NY 11706 
516-968-8282 
Circle Reader Action No_ 321 
operating strategies: 
• In the int~ine-peaking 
strategy, the electric subsystem tries to 
supply all propulsion energy, with 
internal-combustion assistance avail-
able for acceleration when required; 
• In the electric-motor-peaking strategy, 
the internal-combustion engine fuel sys-
tem supplies most of the propulsion en-
ergy, with possible assistance from the 
electric subsystem during acceleration 
or on command by the driver; and 
• In a blended strategy, both the internal-
combustion and electric subsystems 
supply power continuously according to 
a sharing scheme suited to the capabili-
ties of each power subsystem and ad-
ministered by the vehicle control system. 
Computer simulations of conceptual hybrid-
vehicle designs show that variations of the 
internal-combustion-engine-peaking strat-
egy offer the best petroleum savings. 
Based on computer simulations of ex-
pected driving cycles, it appears that hy-
brid vehicles offer the greatest potential 
petroleum savings when used primarily for 
low-speed stop-and-go driving. If the driv-
ing is under electric power with perhaps an 
occasional boost from the internal com-
bustion engine for high acceleration, a sub-
stantial amount of petroleum will be saved, 
without sacrificing individual mobility of the 
internal-combustion engine. 
This work was done by Donald W Kurtz 
and Richard R. Levin of Caltech for 
NASA's Jet Propulsion Laboratory. To 
obtain a copy of the report, "EHV Systems 
Technology - Principles and Current 
Status," Circle 65 on the TSP Request 
Card. NPO-15871 
Vibrational Effects of 
Turbopump Housing 
Flexibility 
A flexible housing may be 
more stable than a rigid one. 
Methods of computer simulation of tur-
bopump vibrations are described in a 
report. For aircraft and aerospace service, 
high-speed, high-performance turboma-
chinery should be as light in weight as pos-
sible. Of course, a certain amount of mass 
is needed in the turbomachine housing for 
stiffness. The report addresses the question 
of tlCM' much extra weight is necessary. 
Rotor stability was analyzed on six ad-
vanced turbcpumps designed to operate at 
speeds ranging from 28,rJS7 to 110,CXXl rlmin 
and pressures up to 8,CXXllblin.2 (55 MPa). 
Interestingly, the analyses have shown that 
under certain conditions, a flexible housing 
may be more stable than a rigid one. Spec-
ifically, if the support stiffness ratio is at 
least 3:1 and preferably 5:1, a turbopump 
will tolerate higher rotational speeds than if 
it were completely rigid. A housing-to-rotor 
weight ratio of at least 6:1 is also recom-
mended, partly to ensure the reliability of 
computational results and partly because 
this ratio is representative of existing 
turbopumps. 
The report also describes an analytical 
program developed for a personal com-
puter from several large programs for a 
mainframe computer. The new program al-
lows complex rotor and housing configura-
tions to be analyzed in a much shorter time 
and in an interactive mode. The program, 
called RSTAB, is written in FORTRAN and 
has the accuracy and summation capabil-
ity of its larger predecessors. 
Root-locus analysis was found to pro-
vide an interesting and useful output; the 
roots in the speed range of a pump are 
plotted in the complex plane as loci of 
speed. The plot indicates the change in 
resonant frequency and closed-loop 
damping as speed is increased. Trouble-
some resonant modes in the system can 
be readily tracked; the effect of system 
changes on the roots can be seen easily. 
This work was done by J. R. Fenwick 
and R. B. Tarn of Rockwell International 
Corp. for Marshall Space Right Center. 
Further information may be found in NASA 
CR-171147 [N84-33811INSP], "Research 
Study for Effects of Case Flexibility on 
Bearing Loads and Rotor Stability" [$22]. A 
paper copy may be purchased [prepay-
ment required] from the National Techni-
cal Information Service, Springfield, Vir-
ginia 22161. The report is also available on 
microfiche at no charge. To obtain a micro-
fiche copy, Circle 45 on the TSP Request 
Card. 
MFS-27083 
Are you reading 
someone else's 
copy of NASA 
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receive their own 
personal copies of 
NASA Tech Briefs 
by checking the 
subscription box 
and filling in one of 
the bound-in cards. 
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Computer 
Programs 
These programs may be obtained 
at a very reasonable cost from 
COSMIC, a facility sponsored by 
NASA to make raw programs avail-
able to the public. For information 
on program price, size, and avail-
ability, circle the reference number 
on the TSP and COSMIC Request 
Card in this issue. 
Dynamic Effects of 
Internal Spur-Gear Drives 
Three programs perform 
static, dynamic, and stress 
analyses. 
A set of computer programs has been 
developed for studying the dynamic ef· 
fects of internal spur·gear drives. Spur 
gears have been used for many years and 
are important in transmitting power from 
one rotating shaft to another. The use of an 
external gear inside of an internal gear pro-
vides a compact arrangement, but its dy-
namics have not been studied as much as 
those of the more common arrangement 
of two external gears side by side. This new 
analysis procedure can be used for gear 
combinations leading up to and exceeding 
the "very high contact ratio" (VHCR) of 
th~ee. Parametric studies with these new 
computer programs have already revealed 
an impressive list of advantages of internal 
spur-gear drives over external spur-gear 
drives. 
The analysis package consists of three 
computer programs that perform static, 
dynamic, and stress analyses. respective-
ly. Output from the three programs includes 
the static and dynamic loads. variations in 
transmission ratio, sliding velocities, maxi-
mum contact pressures, and tooth-bending 
stress acting on the gear teeth. These new 
programs provide an analysis procedure 
applicable to involute profiles and minor 
deviations from this prOfile as a result of 
modifications, imperfections, and circum-
ferential deflections. 
Because of the potential noninvolute 
profile and the effect of radial deflection on 
tooth position, an interactive procedure is 
used to calculate the statically indetermi-
nate problem of multitooth contacts. cir-
cumferential deflection, and contact ratio. 
The static analysis can also be adapted for 
determining the gear mesh stiffness of a 
planet and ring gear assembly. The maxi-
mum tooth-bending stress of the external 
and internal gear is determined by "Cor-
nell's method." These programs provide 
for the very detailed and advanced model-
ing of internal spur-gear drives. 
These programs are written in FOR-
TRAN IV for batch execution and have 
been implemented on art IBM 370-series 
computer with the largest having a central-
memory requirement of approximately 
220K of 8-bit bytes. These programs were 
developed in 1983. 
These programs were written by 
A. Printz, R. Kasuba, J. L. Frater. and 
R. August of the Oeveland State University 
for Lewis Research Center. For further in-
formalion, Circle 38 on Ihe TSP Request 
Card. LEW 14167 
Newl Metal Spring/PTFE Seals 
With Unique Dual-Lip Design 
For Double Leak 
Protection 
Greene, Tweed MSE'" Series Fare 
the only metal spring/PTFE seals 
with two lips to offer double leak 
protection and trap lubricant for longer life. These 
low-friction, self-lubricating seals for rod, piston and 
face sealing applications-
C"",,,ng Win"" Storm, Y.Jtmit< N.uumaI Park, C41i1"",i<l 1~4 Photography by A_I 
Adams. Counesy of the ANd Adam. Publ"hmg Rights Trust. All fights r ... rvcd. 
• Provide excellent static and 
dynamic sealing at 
pressures to 10,000 psi. 
• Operate at temperatures 
from cryogenic to 500F+ _ SOME OF THE GREATEST THINGS IN AMERICA 
NEVER CHANGE. SOME DO. 
US. Savings 
Bonds now pay 
higher variable 
-=:.:::.:,::-
=--= -=:," yet, through your 
Payroll Savings 
Plan. For the 
interest rates- current interest 
like money Paying Better Than Ever. rate and more 
market accounts. Plus, you get information, call toll-free 
a guaranteed return. You can 1-800-US-Bonds. 
buy Bonds at almost any Us. SAVINGS BONDS\'" 
financial institution. Or easier Paying Better Than Ever· -
Vanahl< ..... apply co Bonds purchased on and aft« 11/ 1 '82 and held ar tn.. 5 yea ... Bonds 
ourd>ascd bcfofo 1111 / 82 <arn vanahl<~,.. whon held b.vond U1- 31187. Bonds held Ieso than 
) years ~m &owt1" IntfttS(. 
A publtc srrvu:. of <Ill. publicanon. 
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• Fit MIL-G-5514F glands. 
• Are compatible with aggressive aerospace 
fluids, and are non-contaminating. 
MSE seals are available in a variety of PTFE's and 
spring energizers; they are ideal for applications in 
fuel systems. emergency blow down systems. 
electronic cooling systems, etc. 
Call or write for details. 
GREENE. TIIIEE. SCD 
North l¥.2Ies. PA 19454· USA ' (215)256-9521 
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Dent-Removing Tool 
A sliding hammer removes 
minor dents in metal structures. 
Marshall Space Flight Center, Alabama 
Small dents in metal parts and struc-
tures can be evened out quickly with the 
aid of a simple tool. Originally used to re-
move dents on the Space Shuttle main-
engine nozzle, the tool is a variation of the 
sliding-hammer dent puller used in auto-
motive bodywork. 
The user first tack welds the tip of the 
slide rod to the dent (see figure). Next, the 
user slides the hammer away from the 
dent so that the hammer strikes a flange at 
the end of the rod. The impact of the ham-
mer pulls out the dent. The hammering is 
repeated until the dented metal is even 
with the surrounding surface. The slide rod 
is unwelded, and the surface finish is 
restored. 
This work was done by Teresa Leipham 
and Jewel E. Mccarroll of Rockwell Inter-
national Corp. for Marshall Space Flight 
Center. No further documentation is 
available. 
MFS-29044 
The Impact of the Sliding Hammer on the rod flange pulls out a dent. The tool was devel-
oped for removing small defects in the Space Shuttle main-engine nozzle, pictured here. 
Zone Refining by Laser 
Silicon wafers were melted by this 
microcomputer-controlled system. 
Marshall Space Flight Center, Alabama 
A system has been developed for study-
ing the use of a laser beam for zone-
refining semiconductors and metals. The 
specimen would be scanned with a fo-
cused cO2 laser beam in such a way that a 
thin zone of molten material would move 
along the specimen and sweep impurities 
with it. 
As shown in the figure, the laser beam is 
directed by mirrors to a galvanometer-
driven scanning mirror, which in turn di-
rects the beam to a stage driven by a step-
ping motor. The beam scans rapidly back 
and forth across the specimen as the 
specimen is translated slowly by the main 
translation stage in a direction perpendicu-
lar to the scanning motion. The center of 
the beam thus traces a zigzag path on the 
specimen. Because of the relative speed 
of the scanning motion, the heated zone 
appears as a line that translates along the 
specimen. 
The melt zone can be up to 1 centimeter 
wide and can be moved a maximum dis-
tance of 10 centimeters. The laser spot di-
ameter at sharpest focus is 0.5 millimeter. 
The focusing lens is mounted on a small 
stage, also driven by a stepping motor, so 
that the laser spot size can be adjusted. 
The laser power can be varied from 10 to 
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American Business 
Leaders Who Do Not 
Join The War On 
GovernlDent Waste 
And Fight 
The Deficit-
Are Shooting 
Themselves 
Our Country 
In The Foot! 
Here'sWhy 
Despite "prorrusing" econorruc forecasts and the public's patient "Walt 
and see' attItude, the deficit IS at 
record levels . So IS wasteful and 
inefficient spendmg ill 
government. 
Many executives are openly 
decrying the deficit as the one 
thing that can derail the economy 
in 1985 and beyond. Among the 
consequences: 
• A coihsion between the pn-
vate sector and the U.S. Treasury 
for access to the crectit markets. 
• Reduced worth of personal 
and corporate portfolios. 
• Increased taxes that will 
slash growth and msprre layoffs. 
• The trarISfer of a bIgger 
deficIt and unWleldly debt to 
the next generation. 
Business leaders need to get 
the attention of those politiCIans 
and bureaucrats who are drag-
ging their feet m cutting waste 
and ineffiCIency ill government. 
Fortunately, 
the hard work is 
already done 
T he ground work has been lald by the Grace CommJS-slon Report, which details 
2,478 ways to reduce federal 
waste, irJeffIClency and over-
spendirJg Once adopted these 
proposals would save $4244 
blihon over three years, and 
effectively get Amenca out 
of hock. 
The report proVIdes solid 
eVIdence that government waste 
and illeffiClency can be reduced. 
It proVIdes practical ways to cut 
waste WIthout weakenmg our 
natIOnal defense and elimmatmg 
necessary subSIdy programs. 
What you can 
do as a business 
leader 
We need your help to 
dIstribute the Citizens Against 
Waste Petition to be served 
on the 99th Congress, to let 
the lawmakers know there's 
some real pressure building 
among their constituents to 
cut the deficit and stop waste. 
Sponsor a petition center 
that includes a 24" x 37" 
Poster for display and the 
500-petition display (a 
10,OOO-name potential). 
The coR Is oaly $40.00 
deUvered prepaid. 
The display takes up less 
than one square foot of space 
and IS an investment that is 
sound business practice for 
all concerned. 
The deficit is the one 
economic culpnt that can 
single handedly derail the 
economy, slash growth, 
inspire layoffs and reduce the 
worth of personal and busi-
ness finances - not only for 
1985. but for years to come. 
It is essential that more 
and more Americans pool 
their efforts and their money 
to establish a vocal and 
powerful group to pressure 
those polIticians and bureau-
crats who insist on wasting 
tax dollars and using govern-
ment funds for their own 
pet projects, 
Not to mention, the 
urgent need for all public 
officials to become more 
accountable, answerable, 
and responsive to the 
American taxpayer. 
Pressure works! 
Politicians do and will 
respond if the numbers of 
petitions are big enough. 
In fact, they'll buckle under. 
It's been proven in the past 
that pressure works. From the 
Child Labor Law, the Women's 
Right To Vote, Workmen's 
Compensation, the Civil 
Rights Act, and the recent 
and very successful efforts 
to curb drunk driving by 
SADD and MADD, we have 
seen that Congress WILL 
respond tune and again. But 
only when they're convinced 
that the people are serious. 
Cltlzeu Agalnn Wute-
Who We An 
Citizens Against Waste 
is a nonprofit foundation 
of bipartisan and con-
cerned citizens from all 
walks of life, who've come 
together to "educate" the 
Federal bureaucratic 
spenders and waste mak-
ers in Congress about the 
absolute necessity to curb 
overspending, waste and 
inefficiency to eliminate 
the deficit. 
----------CltlzeD. AgalDst waste 
1511 K SUeet NW, 
Washmgton, D.C. 20005 
ATTN J. P. Bolduc, PreSJdent 
Dear Mr. Bolduc 
Here IS my order for ____ _ 
petltJon centers @ $40.00 each. 
Check enclosed for $ ___ _ 
Name 
Title 
Company 
Address 
City 
State ZIP 
o Enclose a PR kit on bow we can 
spread the word tbat tbe petition 
centers are available in our 
business. 
----------
For more information, 
call t-BOO-USA-DEBT. 
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The Zone·Melting System comprises a microcomputer, a laser, electromechanical and optical components for beam control, a vacuum 
chamber that holds the specimen, and a sensor for determining the specimen temperature. 
85 watts. In experiments, silicon wafers 
were melted at 50 watts; however, a nickel 
alloy specimen could not be melted even at 
the maximum power. 
The apparatus holds the specimen in a 
vacuum chamber. Two windows on oppo-
site sides of the chamber allow the laser 
beam to enter and exit at 45° angles with 
the vertical. The beam reflected from the 
specimen and leaving the vacuum cham-
ber can be either absorbed or reflected 
back to the specimen to increase the ener-
gy directed to the specimen. A third win-
dow, at the top of the chamber, allows a py-
rometer to view the specimen. 
A microcomputer controls the system. 
The system includes a real-time clock; 
analog-to-digital converters for monitoring 
the laser power meter; and driving circuits 
for the stepping motors, scanning mirrors, 
and laser-beam shutter. Peripheral equip-
ment includes a keyboard, a cathode-ray-
tube display, a printer, and a dual floppy-
disk drive. 
This work was done by Donald B. Griner 
of Marshall Space Flight Center. Further 
information may be found in NASA TM-
86459 [N84-3280SlNSP], "Laser Furnace 
Technology for Zone Refining" [$8.50]. A 
paper copy may be purchased [prepay-
ment required] from the National Technical 
Information Service, Springfield, Virginia 
22161. The report is also available on mi-
crofiche at no charge. To obtain a micro-
fiche copy, Circle 47 on the TSP Request 
Card. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 29]. Refer to 
MFS-27084. 
Apparatus for Sizing and Rewinding Graphite Fibers 
Research-scale apparatus sizes commercially available 
wound fibers, improving wetting during resin impregnation. 
-= Langley Research Center, Hampton, Virginia 
A new technique applies a sizing solution 
to unsized graphite tow, thereby improving 
fiber wetting during resin impregnation, 
drum winding, and laminate molding. The 
equipment is ideally suited for research 
and development of new sizing solutions. It 
was designed especially for applying ther-
moplastic sizing solutions to graphite tow 
consisting of 3,000 to 12,000 filaments per 
tow, but it will accommodate other solu-
tions, other filament counts, and materials 
other than graphite. 
The new apparatus is diagramed in the 
figure. A spool of unsized graphite tow, 
commercially available and wound on 
standard cardboard cores, is attached to 
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an unwinding creel. An idling spool guides 
the tow and provides tension. The tow is 
pulled through a tube furnace lined with 
Pyrex (or equivalent) glass tube to drive off 
atmospheric moisture. From there, it pro-
ceeds through the resin reservoir, which is 
made by welding three polyethylene bot-
tles together, installing orifices at both 
ends, and adding spreader bars to spread 
the tow as it travels through the solution. A 
typical sizing solution is 0.5 percent by 
weight polysulfone in methylene chloride 
solvent. The tow is pulled through a second 
drying furnace to drive off the methylene 
chloride solvent, pulled through a second 
idler spool, and finally rewound on a spool 
for further processing. 
This technique was developed because 
there is no commercial equipment avail-
able on a small (research) scale to me-
chanically unwind, size, dry, and rewind 
fiber tows. Poor wetting of fibers during 
resin impregnation results in resin-poor 
areas, or dry spots, after laminating and 
molding. These areas subsequently result 
in voids within the composite, causing de-
lamination and early failure. Sizing compounds 
(very low concentrations of the intended 
impregnating resin system or constituents 
of such resin, usually less than 1 percent 
by weight) are applied to the fibers to pro-
vide environmental protection, to enhance 
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Unwinding 
Creel 
Drying 
Furnace 
Resin 
Reservoir 
Drying 
Furnace 
The Resin Reservoir Is a Closed System containing the highly volatile methylene chloride vapors. There is also a ventilation system di-
rectly over the resin reservoir. 
wetting during resin impregnation causing 
the resin to encapsulate individual fila-
ments, and to prepare the fiber surfaces 
chemically to receive additional resin in 
order to improve bonding strength at the 
fiberlresin interface. 
The method is used in research and de-
velopment at Langley Research Center to 
solve wetting problems incurred in proc-
essing graphite-reinforced thermoplastic 
composites. This concept can be used to 
apply sizing compounds on fiber tows or 
yam-type reinforcement materials used in 
composite technology. Sizing solutions can 
consist of compounds compatible with 
thermosets as well as thermoplastics. 
This work was done by Maywood L. 
Wilson and Clarence E. Stanfield of 
Langley Research Center. No further 
documentation is available. 
LAR-13323 
Inexpensive Masks for Film Deposition 
Overlapping openings in superimposed 
masks would define narrow lines. 
NASA's Jet Propulsion 
Laboratory, 
Pasadena, California 
Sputtered or sprayed lines less than 2 milli-
meters wide could be made by superim-
posing masks with partially overlapping 
openings. Slits would first be cut in the 
masks by stamping or other economical 
process. Then the masks would be super-
imposed so that the slits define new open-
ings that are narrower than the original slits 
(see figure). 
This two-mask process may be cheaper 
than making a narrow slit in a single mask 
by chemical etching or electrical-
discharge machining. By repeatedly shift-
ing one mask with respect to the other, the 
same pair of masks might be used to make 
lines of various widths. 
The masks would ordinarily be cut from 
shimstock typically OJXl1 to 0.040 inch 
(0.025 to 1.0 millimeter) thick. The edge of 
the line defined by the upper mask will be 
sharper if the lower mask is kept as thin as 
possible. The upper mask can be made 
thicker to lend structural support to the 
lower one. 
This work was done by William R. 
Conley of Illinois Tool Works, Inc., for 
NASA's Jet Propulsion Laboratory. For 
further information, Orcle 98 on the TSP 
Request Card 
NPO-16416 
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Depositing Material 
DURING PLATING 
Plated Line ______ 
AFTER PLATING, MASK REMOVED 
Upper 
Mask 
Lower 
Mask 
-
A CompOSite Mask for Depositing a Narrow Line is made by pOSitioning two masks with 
wider openings so that the two openings overlap partially. The component masks can be 
made by stamping the openings in shimstock. 
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System for Automated Troubleshooting 
Algorithms follow human patterns in diagnosing 
faults in electromechanical systems. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
New algorithms for diagnosing prob-
lems in electromechanical systems based 
on artificial intelligence techniques can be 
used to locate faults with minimal human 
intervention. After being given information 
on the system architecture, electrical con-
nections, types of parts, and failure modes, 
the algorithms apply "reasoning" proc-
esses patterned after those of humans. 
The system troubleshoots common 
problems. If experience with the system 
shows that certain problems have been 
overlooked, it is easy to add the necessary 
rules and factual.knowledge to the program. 
The diagnostician alternates between 
explanation and either confirmation or de-
nial (see figure). The explanation phase 
seeks to find the cause of a detected or hy-
pothesized malfunction. The software 
works backward from either the malfunc-
tion presented to it or the confirmed cause 
of the malfunction (itself a malfunction), 
thus building a chain of causes. The confir-
mation or denial phase seeks evidence for 
or against the hypothesized cause. 
In the explanation process, a symptom 
or cause is matched against a rule in the 
data base that contains the symptom or 
cause as its result. Usually, more than one 
rule matches, and the preconditions of all 
such rules then become candidate expla-
nations. Some rules can be eliminated 
because they specify facts that cannot be 
matched against given facts of the data 
base - such as system architecture or 
connections. Of the remaining candidates, 
each in turn undergoes a confirmatory 
process until only one confirmed cause re-
mains. If no cause is confirmed, the chain 
I Start ""-./ 
Yes 
of explanation unwinds to a previously con-
firmed level, and the software tries alterna-
tive hypothetical causes. The process quits 
only after it has exhausted all alternatives. 
When the process confirms a cause 
judged to be sufficiently explanatory, deter-
mined by the perron designing the diagnosis, 
it may find an "advice" message associ-
ated with the terminating rule that suggests 
a cure for the problem and displays the 
message to the user. A user who wants a 
more detailed explanation may request the 
process to continue and have the explana-
tion extended to a deeper level of system 
detail. 
To confirm a diagnostic condition, the 
system searches its knowledge base for a 
rule having preconditions that match those 
of the candidate. The rule predicts what se-
lected values of system performance will 
be measured if the candidate explanation 
is true. Each such prediction is compared 
with actual measurements until either all 
predictions are matched or any is denied. 
When a system consists of relatively in-
dependent subsystems, the software is 
programed to operate in a "focus" mode. 
Such independent subsystems have unique 
symptoms that characterize faulty opera-
tion. The diagnostician checks each sub-
system in turn until a set of symptoms for 
faulty operation is confirmed, or there are 
no subsystems left to check. 
When a system consists of subsystems 
that influence each other by passing sig-
nals, the software uses a "trace" mode. 
Several kinds of knowledge have to be sup-
plied to the program by the user for this 
mode. Signal paths have to be defined as 
EXPLAIN 
Find list of Causes for 
State Being Considered. 
-Consider Each Cause j Next in Turn . 
Confirm Cause 
? No CONFIRM 
Deduce a Measurable 
Consequence From 1+ Hypothesized Cause. Predict 
Value. Compare With 
Observation. 
Troubleshooting Software Operates Like a Human technician troubleshooting a system. 
First, it attempts to locate a fault to within a particular subsystem. Having narrowed down 
the problem to a particular subsystem, it then tries to characterize the problem within that 
subsystem. During this process, it is guided by comparisons between predicted measure-
ments and actual data. 
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do input and output ports and the kinds of 
signals to be expected at each test point in 
the signal path. 
The diagnostician can generate tests as 
well. Starting with measured inputs to a 
system that are hypothesized to be at fault, 
it will propagate those subjects along the 
connection paths specified in the data 
base (equivalent to a circuit diagram) and 
simulate correct operation and outputs. 
These can be compared with actually 
measured ouIpJts to detect errors. By c0m-
plex reasoning processes, parts of the circuit 
that may have caused the observed errors 
may be singled out by the diagnostiCian. 
This work was done by Leonard 
Friedman of Galtech for NASA's Jet Pr0-
pulsion Laboratory. For further informa-
tion, Orcle 23 on the TSP Request Card. 
NPO-16339 
Geometric Representations for Discrete Fourier Transforms 
Periodicity and Hermiticity lead to economy 
in storage of transform values. 
Marshall Space Flight Center, Alabama 
Simple geometric representations show 
the symmetry and periodicity of discrete 
Fourier transforms (OFT's). The represen-
tations help in visualizing the requirements 
for storing and manipulating transform 
values in computations. The representa-
tions are useful in any number of dimen-
sions, but particularly in the one-, two-, and 
three-dimensional cases, which are often 
encountered in practice. 
The three-dimensional OFT (also called 
the "fast" Fourier transform) X(kl,k2,k~ for 
a function x(nl,n2,n3) has periodicity Nj in 
each axis: For example, 
where kl and Nj are integers, and Nj = the 
number of points in the Fourier sum along 
the ith axis. This relationship enables one to 
generate the transform values for negative 
arguments from those for positive argu-
ments by means of X( - k) = X(N - k). One 
very useful relation of this type is 
X(~ + m) = X (- ~ + m). 
Figure 1. The Two-Dimensional OFT re-
peats all over the transform plane with 
periodicity in each axis equal to the num-
ber, N, of sampling pOints along that axis. 
Here, corresponding points in boxes of 
identical color have identical transform 
values. 
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Figure 2. Within a Quadrant, two-dimensional 8-by-8 OFT values that are complex conju-
gates of each other lie at pOints opposite each other at equal distances from the point 4,4 
on lines through the pOint 4,4. 
Thus, it is possible to generate any trans-
form value as long as any N contiguous 
value is known along each axis. These 
symmetry and periodicity properties are il-
lustrated geometrically in Figure 1 for a 
two-dimensional OFT. 
The OFT also has the Hermitian property 
Combining this with the periodicity rela-
tions results in sets of equations for gener-
ating transform values thaf are complex 
conjugates of each other. For a two-
dimensional OFT, one such set is: 
X(~1 + m" k2l = X·{~' - m" -k2l 
and 
N, N2 _\ 
X(2 + m" "2 + m21 = 
,(N, N2 _\ X "2 - m" "2 - m2l. 
The geometric significance of these 
equations is that the transform must have 
real values at the comers of the rectangles 
defined by progressing in increments of 
Nl2 points along each axis from the origin, 
and that the transform values of points 
equidistant from the real-value points on 
the opposite ends of lines through the real-
valu.e points are complex conjugates of 
each other. These properties are illustrated 
for the first quadrant of a two-dimensional 
OFT in Figure 2. 
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Using the combination of properties il-
lustrated in the figures, the DFT of any ar-
gument is easily generated from the values 
in the four quadrants surrounding the ori-
gin_ All other values follow from periodicity: 
The identical value is reached by moving 
two blocks along either axis or diagonally 
from any point. 
This work was done by C. Warren 
Cambell of Marshall Space Flight Cen· 
ter. Further information may be found in 
NASA Technical Paper 2332 [N84-24114/ 
NSP], "Geometric Interpretations of the 
Discrete Fourier Transform (DFT) " [$7]. A 
paper copy may be purchased [prepay-
ment required] from the National Technical 
Information Service, Springfield, Virginia 
22161. The report is also available on mi-
crofiche at no charge. To obtain a micro-
fiche copy, Circle 6 on the TSP Request 
Card. MFS-27072 
Maximum-Likelihood Parameter-Estimation Algorithm 
Treating errors as uncorrelated white noise is 
realistic and computationally efficient. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
An efficient version of a maximum-
likelihood algorithm has been devised for 
calculating normal-mode frequencies and 
damping parameters of a vibrating system 
from experimental data where both proc-
ess noise and measurement noise are 
present. The method should be applicable 
in the vibration analysis of such compli-
cated structures as vehicles, aircraft, and 
spacecraft. 
The new algorithm is a simplification of 
an existing maximum-likelihood formula-
tion using a Kalman filter that allows for 
both process and measurement noise. The 
new algorithm incorporates the assump-
tion that measurement-noise covariance 
can be treated as a given rather than as a 
parameter to be determined. This assump-
tion simplifies the computation and guar-
antees that the Kalman filter gains corre-
spond to a physical system. 
The most likely parameters are identi-
fied by the minimization of a performance 
index called the "likelihood functional." 
The Newton-Raphson method is used to 
minimize the likelihood functional. Esti-
mates of the values of the parameters, 
which are required to start the process, are 
used to design a Kalman filter for state esti-
mation. A related filter that indicates the 
sensitivity of the state estimate to the pa-
rameters to be determined is obtained 
from derivatives of the Kalman filter. The 
state estimates and the derivatives are 
used to calculate the gradient of the likeli-
Books and Reports 
These reports; studies, and hand-
books are available from NASA 
as Technical Support Packages 
(TSP's) when a Request Card 
number is cited; otherwise they 
are available from the National 
Technical Information Service. 
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hood functional. In the Newton-Raphson 
update, new estimates of the parameter 
values are calculated. Using the new pa-
rameter values in each iteration as input 
for the next, the entire process is repeated 
until convergence is achieved. 
When the likelihood functional is plotted 
as a function of frequency or da'1lping 
ratio, the result is a smoothly varying curve 
with a round-bottomed local minimum at 
each modal frequency or damping ratio 
(see figure). In such a situation, rapid con-
Optimum Cyclic 
Redundancy Codes for 
Noisy Channels 
Recommended 24- and 32-bit 
CRC codes are given. 
vergence is obtained when the parameter 
estimates used to start the first iteration 
are reasonably close to the correct values. 
Nevertheless, one must select the initial 
parameters with care, since incorrect 
values sometimes cause the likelihood 
functional to diverge. 
This work was done by Daniel B. Eldred, 
Massih Hamidi, and Guillermo Rodriguez 
of Caltech for NASA's Jet Propulsion la· 
boratory. For further information, Circle 30 
on the TSP Request Card. NPO-16320 
The capabilities and limitations of cyclic 
redundancy codes (CRC's) for detecting 
transmission errors in data sent over rela-
tively noisy channels (e.g., voice-grade 
telephone lines or very-high-density stor-
age media) are discussed in a 16-page re-
port. Because of the prevalent use of bytes 
that are multiples of 8 bits in data transmis-
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sion, the report is primarily concemed with 
cases in which both the block length and 
the number of redundant bits (check bits 
for use in error detection) included in each 
block are multiples of B bits. 
The authors derive theorems that are 
then used to calculate safe' upper and 
lower bounds on block lengths for 16-, 24-, 
and 32-bit CRG's with largest minimum 
Hamming distances of 4, 6, and B. (Codes 
of distances 4, 6, and B can be used to de-
tect any error of no more than 3, 5, and 7 bits, 
respectively, in a bIocI< or to rorrect any error 
up to 1, 2, and 3 bits, respectively.) 
The cases of distance-6, 24-redundant-
bit and distance-B, 32-redundant-bit CRC's 
are analyzed thoroughly; specific polyno-
mials recommended for use in calculating 
the check bits for each of these types of 
codes are also given. The recommended 
polynomials are of low weight (low number 
of terms). The lowest-weight 24- and 32-bit 
polynomials found had 6 and 10 terms, re-
spectively. It was also found that there are 
no 16- or 24-bit CRC's minimum of dis-
tances;?; B. 
The 16-bit CRG polynomial 
p(x) = )(16 + X 12 + X5 + 1 
specified in the X.25 packet-communication-
link standard is shown by the authors to be 
optimum for the 16-bit, distance-B case. 
However, being of Hamming distance 4, 
this code will fail to detect some errors of 4 
or more bits per block and is useful only in 
links with low input-bit-error probabilities. 
This work was done by Edward C. 
Posner and Phillip Merkey of Caltech for 
NASA's Jet PropulSion Laboratory. To 
obtain a copy of the report, "Optimum Cyc-
lic Redundancy Codes for Noisier Chan-
nels, " Circle 32 on the TSP R~uest Card. 
NPO-16406 
Numerical Aerodynamic 
Simulation Facility 
Its history, status, and future 
plans are presented in a 
22-page report. 
The NASA numerical aerodynamic sim-
ulation (NAS) facility described in a 
22-page report will provide an advanced 
computational aerodynamics service by 
the mid- to late-1980's for use by govem-
ment laboratories, industry, and academia. 
The facility will be continually upgraded as 
computer technology advances. 
The facility, which is expected to begin 
operating by late 1985, will support both 
local and remote users. The User Interface 
Group, comprising representatives of the 
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aerospace industry, universities, and gov-
emment agencies, serves as a forum for 
the discussion of such user-oriented 
issues as the selection of user languages, 
management policy, equipment required 
for remote access, and data protection. 
The sustained computational speed of 
the facility is expected to be 250 x 1()6 
floating-point operations per second; its 
memory at least 64 x 106 64-bit words. 
By 1987, the speed and memory should 
each be increased by a factor of 4 and the 
network will be expanded to support at 
least 100 users simultaneously on a time-
sharing basis. The operating system and 
network will be capable of using equipment 
from a number of manufacturers. 
The facility will house the NAS Process-
ing System network, which includes the fol-
lowing eight subsystems: 
• High-speed processor, 
• Support processing, 
• Work stations, 
• Graphics, 
• Mass storage, 
• Long-haul communications, 
• High-speed data. network, and 
• Local-area network. 
The report lists nine candidate problems 
for inclusion in initial tests of the system. 
These (epresent a balance of fundamental 
fluid physics research and applied compu-
tational aerodynamics and aerothermody-
namics. A computational chemistry problem; 
namely, the simulation of crack initiation 
and propagation, is also a candidate. 
It is expected that 90 percent of the 
available high-speed processor time will be 
devoted to fluid dynamics and aerody-
namics and 10 percent to chemistry, atmo-
spheric modeling, aircraft structural analy-
sis, and astrophYSiCS. By user affiliation, 
usage is expected to be about 55 percent 
NASA, 20 percent Department of Defense, 
15 percent industry, and 5 percent universi-
ties. The report does not state the alloca-
tion of the remaining 5 percent. 
In reviewing the history and future of 
computational aerodynamics, the report 
lists computational requirements for treat-
ing a series of increasingly complex prob-
lems involving the equations of fluid dy-
namics. The most demanding problem is 
the full Navier-Stokes treatment of time-
varying supersonic/subsonic flow with lam-
inarlturbulent transitions and turbulence 
dissipation, requiring 1012 to 1015 grid 
points. 
This work was done by V. L Peterson, W 
F. BaJlhaus. Jr.. and F. R. Bailey of Ames 
Research Center. To obtain a copy of the 
report, "Numerical Aerodynamic Simula-
tion (NAS), .. Circle 96 on the TSP Request 
Card. 
Inquiries concerning rights for the rom-
mercia! use of the technology described in 
this report should be addressed to the Pat-
ent Counsel, Ames Research Center [see 
page 29]. Refer to ARG-11497. 
Comparison of Decision 
Models 
The results predicted by linear 
and multiplicative decision 
models are compared. 
Two methods of multiattribute decision 
analysis are compared in a report. One 
method employs a linear utility model. The 
other utilizes a multiplicative utility model. 
The report is based on interviews with ex-
perts in automotive technology to obtain 
their preferences regarding 10 new types 
of vehicles. 
Thirty-nine people were asked to ex-
press their preferences for these attri-
butes: Initial cost, life-cycle cost, maintain-
ability, safety, relative fuel economy, and re-
fueling time. All the vehicles are intended to 
operate with nonpetroleum fuel and to 
have a 250-mile (4oo-kilometer) range. The 
propulsion systems included a methanol 
spark-ignition engine, a solid-poIYmer-
electrolyte fuel cell, three different types of 
batteries in an all-electric configuration, 
and five different types of batteries in a hy-
brid configuration with a methanol-fueled 
engine. 
The interviewees were drawn from the 
following groups or functions associated 
with advanced vehicles: 
• Fleet purchasing or management, 
• Research in an automobile manufactur-
ing firm, 
• Corporatedecisionmakers in automobile 
manufacturing, 
• Consumer, professional, and market-
analysis organizations, 
• Fuel suppliers, 
• Organizations conducting advanced-
vehicle research for utility companies, 
• Utility companies, and 
• Government and university researchers. 
Rankings were calculated for the 39 in-
terviewees and for the B groups they repre-
sent. For the individuals, several variations 
of the multiattribute decision models were 
used, including versions in which the less 
important attributes were disregarded. For 
the groups, three dITferent group-decision @ 
rules were used. In addition, direct rank-
ings were obtained from 31 of the partici-
pants who responded to questionnaires. 
In general, the rankings were consistent 
among individuals, different group-
decision rules, and dITferent multiattribute 
utility models. The rankings from the linear 
model were virtually identical to the rank-
ings from the multiplicative model. Al-
though some interview and computation 
time could have been saved by using only 
one model, the fact that both agree lends 
additional credibility to the results. 
The direct rankings required the least ef-
fort and, for the most part, agreed with the 
rankings from the linear and multiplicative 
175 
models. The direct rankings, however, give 
no insight into risk preferences or the rela' 
tive importance of various attributes. Such 
insights are often at least as valuable as 
the rankings themselves. 
Computer 
Programs 
These programs may be obtained 
at a very reasonable cost from 
COSMIC, a facility sponsored by 
NASA to make raw programs avail -
able to the public. For information 
on program price, size, and avail -
ability, circle the reference number 
on the TSP and COSMIC Request 
Card in this issue. 
Numerical Methods for 
Classical Sampled·System 
Analysis 
Algorithm selection is 
simplified for the control-
system analyst. 
SAMSAN provides the control-system 
analyst with self-consistent computer algo-
rithms that support large-order control-
system design and evaluation studies. It 
emphasizes sampled-system analysis. 
Control-system analysts have access to 
a vast array of published algorithms to 
solve an equally large spectrum of compu-
tational problems related to controls. The 
analyst usually spends considerable time 
and effort in bringing these published algo-
rithms to an integrated operational status 
and often finds them less general than de-
sired. SAMSAN reduces the burden on the 
analyst by providing a set of algorithms that 
have been well tested and documented 
and that can be readily integrated for solv-
ing control-system problems. Algorithm se-
lection for SAMSAN has been biased to-
ward numerical accuracy for large-order 
systems with computational speed and 
portability being considered important but 
not paramount. 
In addition to containing relevant sub-
routines from EISPAK for eigenanalysis 
and from LlNPAK for the solution of linear 
systems and related problems, SAMSAN 
contains the following capabilities: 
1. Reduction of a real nonsymmetric ma-
trix to block diagonal form via a real 
similarity-transformation matrix that is 
well conditioned with respect to inver-
sion; 
2. Solution of the generalized eigenvalue 
problem with balancing and grading; 
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This work was done by Abe Feinberg, 
Ralph F. Miles, Jr., and Jeffrey H. Smith of 
Caltech and Ernest M. Scheuer of the Cali-
fornia State University for NASA's Jet 
Propulsion Laboratory. To obtain a copy 
3. Computation of all zeros of the determi-
nant of a matrix of polynomials; 
4. Matrix exponentiation and the evalua-
tion of integrals involving the matrix ex-
pontential with an option to first block 
diagonalize; 
5. Root locus and frequency response for 
single-variable transfer functions in the 
S, Z, and W domains; 
6. Several methods of computing zeros 
for linear systems; 
7. Reduction of a set of linear ordinary dif-
ferential equations or finite-difference 
equations to a set of almost decoupled 
generalized coordinate equations; 
8. Integration of a system of ordinary dif-
ferential equations using a fixed- or 
variable-step standard Runge-Kutta al-
gorithm or by using the general-
purpose package of numerical integra-
tion algorithms DEPAC; 
9. Computation of characteristic gains 
and phases, principal gains and 
phases, robustness, and sensitivity 
measures for a return-ratio (transfer-
function) matrix at a particular point in 
the complex plane; 
10.The ability to read a NASTRAN-
generated OUTPUT2 data file and pro-
duce a data file compatible with the 
SAMSAN routines; and 
11 . The ability to generate documentation 
"on demand." 
All matrix operations in the SAMSAN al-
gorithms assume nonsymmetric matrices 
with real double-precision elements. There 
is no fixed size limit on any matrix in any 
SAM SAN algorithm; however, it is general-
ly agreed by experienced users, and in the 
numerical error analysis literature, that 
computation with nonsymmetric matrices 
of order greater than about 200 should be 
avoided or treated with extreme care. 
SAM SAN attempts to support the needs of 
application-oriented analysis by providing: 
1. A methodology with unlimited growth 
potential, 
2. A methodology to insure that associ-
ated documentation is current and 
available "on demand," 
3. A foundation of basic computational al-
gorithms that most control-analysis 
procedures are based upon, 
4. A set of checkout and evaluation pro-
grams that demonstrate the use of the 
algorithms on a series of problems that 
are structured to expose the limits of 
each algorithm's applicability, and 
5. Capabilities that support both a priori 
and a posteriori error analysis for the 
of the report, "A Comparison of Multiattri-
bute Decision Models," Circle 25 on the 
TSP Request Card. 
NPO-16446 
computational algorithms provided. 
The SAM SAN algorithms are coded in 
FORTRAN IV for batch or interactive exe-
cution and have been implemented on a 
DEC VI*. series computer. An effort was 
made to ensure that the FORTRAN source 
code was portable and, thus, SAMSAN 
may be adaptable to other machines. The 
SAM SAN package was developed in 1982 
and last updated in 1984. 
This program was written by Harold P. 
Frisch and Frank H. Bauer of Goddard 
Space Right Center. For further informa-
tion, Circle 82 on the TSP Request Card. 
GSC-12827 
Software Comparison 
The program compares 
similarly structured files, 
line by line. 
The Software Comparison Package 
(SCP) compares similar files. Normally, 
these are go-character files produced by 
the CDC UPDATE utility from program 
libraries that contain a FORTRAN source 
code plus an identifier. The SCP can also 
be used to compare load maps, cross-
reference outputs, and UPDATE correc-
tions sets. In short, it can help wherever 
line-by-line comparison of similarly struc-
tured files is required. 
An important feature of the SCP is the 
automatic generation of update directives 
(in standard CDC UPDATE format) that can 
be later applied to a program library to 
change one set of routines into the other. 
Often, only part of this set may be useful, 
but experience has shown it to be a time-
saver. In cases where major modifications 
are anticipated and a complicated history 
of overlapping corrections have been ap-
plied to a routine, it is often easiest to use 
the SCP to generate a single correction 
deck that summarizes all changes. 
The SCP program is written in FOR-
TRAN IV for batch execution and has been 
implemented on a CDC CYBER 70-series 
computer. Dimensioned for comparing 
routines up to 2,500 lines long, the program 
has a central-memory requirement of ap-
proximately 200K (octal) of 6O-bit words. 
The SCP program was developed in 1984. 
This program was written by David C. 
Blanchard of McDonnell Douglas Corp. for 
Johnson Space Center. For further infor-
mation, Circle 16 on the TSP Request Card. 
MSC-20777 
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Image-Processing 
Educator 
This program explores the 
digital processing of remotely 
sensed images by 
microcomputers. 
The Apple Image·Processing Educator 
(AIPE) explores the ability of microcom-
puters to provide personalized computer-
assisted instruction (CAl) in the cfl9ital image 
processing of remotely sensed images. 
AIPE is a "proof-of-concept" system, not a 
polished production system. User-friendly 
prompts provide access to explanations of 
common features of digital image process-
ing and of sample programs that imple-
ment these features. 
Currently available features include: 
• Density Slicing - Assigns color codes to 
ranges of gray scale values, 
• Statistics - Generates image statistics 
for whole images or training areas, 
• Filter - Demonstrates the effects of 
bandwidth bypass filters, 
• Transverse - Displays a histogram of 
pixel values for a selected channel or line 
in an image, and 
• Contable - Calculates and displays a 
"confusion matrix" for two color-coded 
images. . 
A sample image is included with the AIPE 
system so that instruction is self-contained. 
The AlPE system is written in Applesoft 
BASIC and Integer BASIC for interactive 
execution on the Apple 1\ or Apple 1\ + 
computers with the Disk II Subsystem, 
DOS 3.3, a color monitor, and 48K of &bit 
bytes. The AIPE system was developed in 
1979-1980. 
This program was written by Fred J. 
Gunther of Computer Sciences Corp. for 
Goddard Space Right Center. For fur-
ther information, Circle 27 on the TSP re-
quest Card. 
GSC-12933 
Manipulation of Numbers 
With Many Digits 
Underflow and overflow are 
prevented in programs 
generating extreme numbers. 
PRECISION is designed for the manipu-
lation of numbers with an accurate reten-
tion of up to thousands of digits per num-
ber. It combines the doubfe-precision cap-
abilities of a floating-point-variable format 
with the baSically unlimited string length of 
a literal-variable format to provide multiple-
NASA Tech Briefs, Winter 1985 
precision results. The input and output are 
in literal format and are restricted only by 
machine limitations, time considerations, 
or a user-defined limit to the number of 
decimal places required _ The use of 
PRECISION will prevent underflow and 
overflow in programs that generate ex-
treme numbers such as probability theory, 
statistics, and scientific applications. 
Basic PRECISION functions include ad-
dition, subtraction, multiplication, division, 
and integer powers. Extremely large or 
small numbers can be handled by use of a 
PRECISION function that converts them to 
standard scientific notation. PRECISION 
functions also exist for multiplication, divi-
sion, and integer powers of numbers in sci-
entific notation. A program is converted to 
PRECISION arithmetic by replacing +, - , 
*, and + with the apprepriate PRECISION 
operator. 
PRECISION was written in APL for use 
with interactive or batch programs and has 
been implemented on a Honeywell Sigma-
series computer with a central memory re-
quirement of approximately 16K bytes. It 
was written in 1984. 
This program was written by Leonard W 
Howell and Marshall Patrick of Marshall 
Space Right Center. For further informa-
tion, Circle 63 on the TSP Request Card. 
MFS-28048 
Printer Graphics Package 
New symbols can be easily 
created from available 
symbols. 
The Printer Graphics Package (PGP) is a 
tool for making two-dimensional symbolic . 
plots on a line printer. PGP was created to 
support development of a Heads-Up Dis-
play (HUD) simulation, and many of its 
standard symbols were defined with the 
HUD in mind. Available symbols include 
the circle, triangle, quadrangle, window, 
line, numbers, and text.l>dditional symbols 
can be easily added or built up from avail-
able symbols. The user gains access to the 
PGP from a driver program. Output is a c0l-
lection of line·printer plots 13 inches (33 em) 
square. The available plotting area is 132 
by 106 print positions. 
The PGP routines are written in FOR-
TRAN IV for batch execution and have 
been implemented on a CDC CYBER 
70-s~ries computer with a central memory 
requirement of approximately 52K (octal) 
of 6O-bit words. The PGP routines were de-
veloped in 1984. 
These routines were written by David C. 
Blanchard of McDonnell Douglas Corp. for 
Johnson Space Center. For further infor-
mation, Circle 17 on the TSP Request Card. 
MSC-20778 
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A FRAMEWORK FOR ACTION: 
Improving Quality and Productivity 
·in Government and Industry 
The following recommendations were drafted at the 1984 NASA-sponsored "Symposium on Quality 
and Productivity: Strategies to Improve Operations in Government and Industry." They represent 
the collective wisdom of the more than 650 top executives from major American corporations, 
government agencies and universities who attended the symposium, which focused on the 
challenge of improving quality and productivity through effective managerial practices. 
The major findings of the symposium are organized into nine themes, three of which were 
presented on pages 186-191 of the Fall 1985 issue of NASA TECH BRIEFS. In this issue, we con-
tinue our presentation with themes four through six. (The remaining three themes will be presented 
in a future issue.) Each theme encompasses a set of recommended actions and management prac-
tices that have been shown to contribute to high quality and productivity-organizational imperatives 
in this era of the increasingly competitive global marketplace . 
THEME 4: Make Innovation 
Rewarding: Encouraging 
Innovation and Risk-Taking 
Maintaining the creativity and the risk-taking attitude that 
make an organization successful is a major task of maturing 
organizations. It is well known that innovation is key to organiza· 
tional survival in a fast changing economy. The true risk for any 
organization is to believe risk·taking is unnecessary for long·term 
survival. Management needs to recognize the proper place for 
innovation and risk·taking and create an environment that sup· 
ports and rewards it. 
.. . . . One essential step in renewing an organization is to set 
up a system for the care and feeding of innovators ... a 
sponsor . .. proper awards ... and the need to know what 
will happen to them if they fail . .. " (Lewis Lehr, 3M 
Company) 
Organizations typically go through a life cycle. When they are 
young, they are characterized by flexibility and innovation, and 
are usually staffed by a group of people with a strong drive for 
success. As they expand and mature, organizations tend to 
become specialized and segmented. Informal dialogue tends to 
be replaced by a preoccupation with formal policy and control. 
Instead of designing for success, Lehr points out, mature 
organizations tend to be more concerned with avoiding errors. 
" Playing it safe" becomes paramount. George Seegers of 
Citibank, N.A., describes the fate of Central Leather, once the 
nation 's 24th largest company: 
" Central Leather failed to adopt new shoemaking tech-
niques and equipment, and some t ime ago took its rightful 
place in the graveyard of companies that decided to 'play it 
safe !' " 
Survival in today's economy depends on an organizational 
philosophy that nurtures risk·taking and innovation. 
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.. . . . companies that take risks generally prosper. The true 
risk for any company is to believe that risk-taking is un-
necessary for long-term growth and survivaL" (Seegers) 
Recommendation 4.1 Provide a Climate for Creativity 
Lehr identifies three considerations in the care and feeding 
of innovators. First, they need a sponsor who can help obtain 
resources and shield the project if it falters. Second, innovators 
should be appropriately rewarded according to individual values. 
IBM's Corporate Fellows Program provides one example. 
Fellows are free to foam the company to select problems that in-
terest them. The third consideration is the cost of failure. Inno-
vators must be assured that failed projects will not cost them 
their jobs . 
Harold Edmondson of Hewlett-Packard describes a suppor-
tive cl imate for innovation as one that allows people to be 
creative, challenges the person by providing progressively more 
demanding creative experiences, provides direction for creative 
energy, provides measures for assessing success, and provides 
tangible rewards, e.g., status, resource support and peer awards. 
"Zealous volunteer champions. Innovators. Quite simp-
ly, they are the key to renewal in an organization. And we 
don't even need to look for them. They'll find us if we let 
them." (Lehr) 
Recommendation 4.2 Recognize the Place for Rlsk.Taklng 
Innovation is not equally applicable ordesirable in all parts of 
an organization. Furthermore, innovation is frequently accom-
panied by risk and additional costs. Management must therefore 
decide when these risks and costs are warranted by the poten· 
t ial gains. As Seegers points out: 
"The first lesson to be learned is that you must have a 
detailed, well-thought-out template .. . for reaching yourob-
jective. The second is that you have to know when to follow 
the plan, and when to ignore parts of it ... What every large 
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organization-and especially the government-needs is 
periodic reviews of all activities, just to make sure that an 
obvious, somewhat risky, but better way of doing things is 
not being overlooked." 
The timing of innovation is also important. Should the focus 
be at the early stage of a project, a later stage, or should one 
strive for innovation throughout the process? The answer can be 
derived only from a well-thought-out business strategy which 
explicitly addresses the areas in which innovation in product or 
process is appropriate. John Franke of the U.S. Department of 
Agriculture had an interesting point of view on the benefits of 
some risk-taking. 
"Stirring the pot upsets and causes some disruption. But 
we feel the disruption is worth it. It provides the energy for 
new approaches and new methods." 
THEME 5: Build Dedication, Pride 
and Team Effort: Promoting 
Participative Management 
Successful organizations have a very high level of perform-
ance "over and above" that expected from their employees. 
Management needs to encourage and provide positive support 
for employee participation to maintain organization vigor. Mid-
dle management anxieties need to be addressed in this process, 
and mechanisms such as employee suggestion programs and 
quality circles should be used to sustain high levels of employee 
participation, so that employees feel committed and involved in 
the organization's success. 
"The spirit of entrepreneurism may start at the top, but 
it is the middle levels where the attention to detail and 
commitment to quality make or break an entrepreneurial 
dream." (George Seegers, Citlbank, N.A.) 
Organizations that face strong competitive and budgetary 
challenges are forced to make full use of all resources. Although 
most organizations give lip-service to the slogan that people are 
their most important resource, management actions often tell 
a different story. Many employees are inhibited from making 
contributions to quality and productivity because they are not 
encouraged by management to participate in planning for 1m· 
provements, problem solving, and other work-related decisions. 
Nevertheless, employees on the shop floor, in the office areas, 
and at various levels of management are extremely knowledge-
able about their work and are aware of task-related problems. 
Employees who are allowed to participate in decision-making 
have a commitment to make those decisions work. Participa-
tion gives an employee the opportunity to learn and master 
the environment as well as the chance to be recognized for 
making a contribution. 
"Forty-one thousand suggestions, 17 thousand adopted. 
$52 million saved. People just naturally become more pro-
ductive when they are given something to live for, work for, 
and hope for." (Malcolm Stamper, The Boeing Company) 
Recommendation 5.1 Make a Long-Term Commitment to 
Participative Management 
"The basic philosophy behind our way of doing things 
is to recognize that the employee on the job is otten the 
best fitted to give advice about how to do that job ... Just 
being involved in carrying out the tasks of a company with-
out ever having a voice in the development of policies or 
procedures is not sufficient participation." (John Felton, 
McCormick & Co.) 
The journey toward a participative organization begins with 
a clear commitment to the philosophy of involving people as a 
"way of doing business." This commitment must start at the top, 
representing a long-term dedication which is conveyed in words 
and in accord with the organizational structure and systems. 
The Dana Corporation management explains its company phil-
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osophy, "The Dana Style," in a handout given to all employees: 
"The people of Dana, who are doing the job, know best 
how it should be done and they share the responsibility to 
decide what their job is, and to judge how well it is done." 
(Carl Hirsch, Dana Corporation) 
In a unionized environment, the commitment to participation 
will necessarily involve the joint actions of management and 
labor and may be institutionalized through the collective bargain-
ing process. In order to succeed, however, according to Jack 
Sheinkman of the Amalgamated Clothing and Textile Workers 
Union, union and management must view each other as equal 
partners in a long-term effort. He further notes that contractual 
agreements must include an explicit provision that the produc-
tivity improvement program will not lead to layoffs and will 
neither undermine nor supplant collective bargaining, but rather 
extend the process. 
Recommendation 5.2 Build Supportive Management 
Structures and Policies 
There is a wide range of employee involvement techniques: 
e.g., suggestion systems, quality circles, multiple management, 
labor management committees and employee stock ownership 
plans. The particular form chosen to elicit employee participa-
tion does not appear to be as important as the fact that some 
structured process exists and that the process enjoys a broad 
base of support among those affected. Participative processes 
are implemented in accordance with the unique characteristics 
of each organization; there are no formulas or ready-made pro-
grams to guarantee success. 
Mechanisms that encourage the flow of communication to 
upper management tend to increase commitment to the job and 
promote high levels of motivation. 
"More than anything else, quality or excellence stem from 
the people of an organization: their motivation, their drive 
and, most importantly, the way they relate to one another." 
(John Jackson, IBM) 
Once the commitment has been made to move toward a more 
participative organization, a supportive management structure 
must be put into place. According to Charles Joiner, Mead Cor-
poration, this may mean reducing the levels of management, 
broadening the span of control and reducing staff: 
"It is important to entrust a person with the job and then 
trust him/her to do it without unneeded bureaucratic red 
tape or management hierarchy." 
In the early stages, participation alone may be enough to 
sustain a participative management style. In the long run, 
though, to sustain high levels of participation, organizations 
must make it clear to employees how the fruits of their participa-
tion are distributed. 
"Our stock purchase plan gets people to Identify with 
Dana by making them owners of the company. Last year 
Dana people put out $17 million of their own money (along 
with $5 million in Dana's matching contributions) to buy 
846,000 shares of stock." (Hirsch) 
Other means of rewarding employees include bonuses, 
management recognition and enhancing status. Unfortunately, 
when organizations attempt to provide a more participative 
organizational climate, performance appraisal systems, promo-
tion and compensation systems and other controls may, un-
less modified, work in opposition to these goals. Management 
must periodically review these systems to ensure that they 
support participative management if this philosophy is to be-
come institutionalized. 
Recommendation 5.3 Address the Concerns of 
Middle Managers 
Over the long run, no participative management process can 
be sustained without the involvement and support of middle 
managers. What is this " middle management problem" ? 
Throughout this report, we have discussed the need to involve 
top management in launching any quality/productivity effort. As 
David Hamilton from Intel put it: 
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"Senior management must set realistic goals for pro-
ductivity improvement throughout . . . and be willing to hold 
middle management accountable for performance against 
these goals." 
Gaining enthusiastic support among rank-and-file employees 
generally presents few problems. Unfortunately, the benefits to 
be derived from a productivity effort are not so readily apparent 
to middle management, forthey tend to perceive themselves as 
being held accountable for a process over which they exercise 
little control. Moreover, middle managers may grumble that their 
role in the decision-making process has been usurped, at least 
until they become sufficiently involved in carving out a new 
relationship with employees. 
One barrier to this support is lack of skillin operating in this 
"new" mode. McCormick and Company has solved this problem 
through a well-established program called multiple manage-
ment. This involves giving middle managers a greater voice in 
running the business through the establishment of "junior" 
boards of directors. 
"The result at McCormick was small teams of employees 
meeting regularly on a voluntary basis to identify, to analyze, 
and to solve work-related problems-real company prob-
lems involving packaging, product development, productivi-
ty, cost reduction, distribution, sales, quality and inventory 
controL" (Felton) 
When introducing participative management processes, con-
siderable effort should be devoted to identifying and confronting 
the fears and concerns of middle managers. For example, is it 
realistic to expect middle management support if top manage-
ment does not allow middle managers to participate in decisions 
that affect them? 
THEME 6: Uncork Individual Talent: 
Controlling Bureaucracy 
As successful organizations mature, they tend to become 
preoccupied with controls and checks that are narrowly focused, 
parochial and inflexible. This process results in overregulation 
of activity, discourages initiative and slows down responsive-
ness to changing conditions. Management needs to thwart this 
tendency through decentralization and by providing freedom and 
protection for its innovators. 
"Pushing responsibility to the farthest point of the organiza-
tion is the best way to make entrepreneurism a reality." (Carl 
Hirsch, Dana Corporation) 
Organizational barriers that inhibit entrepreneurism need to 
be broken. The true purpose of an organization is to support the 
individuals within it so they can be responsive to the organiza-
tion's goals and be innovative and effective. Experience has 
shown that as successful organizations mature, there is a 
tendency for bureaucratic symptoms to begin to erode the 
organization's effectiveness. Typically, it becomes preoccupied 
with controls and checks that are narrowly focused, parochial 
and inflexible. This maturation process, if unabated, leads to 
organizational decline as it loses the ability to adapt to the needs 
of the customers and meet the challenges of technology and the 
growth of competition. 
"In any organization, the inertia is on the side of those 
who play it safe ... Bureaucracy begins when people are 
less concerned with being right than with not being found 
wrong." (George Seegers, Cltibank, N.A.) 
Government laws, rules and regulations also have impeded 
the ability of organizations to remain flexible and adapt to 
change. 
Recommendation 6.1 Increase Employee Initiative 
Through Decentralization 
F. Blake Wallace describes how GM is dealing with the 
bureaucracy Issue: 
"Decentralization is what our new GM organization is aU 
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about. We've got to move faster in designing new products 
and bringing them to market. We've got to cut out bureau-
cracy, eliminate redundancy, and make more efficient use 
of our people. And probably most important of all, we've got 
to uncork individual talent . .. by giving our people the 
opportunity to take risks, assume responsibility . . . and 
eam rewards." (Wallace, quoting General Motors Chairman 
Roger Smith) 
It is possible for management to thwart the bureaucratic 
symptoms of maturing organizations through decentralization 
and by providing greater freedom for the innovators. Managers 
must examine the given tasks and structure of an organiz.ation 
in such a way that the people who are supposed to make it work 
have the best chance to do so. The danger can be in placing 
people in various slots simply because it supports some form of 
an organization, whether it is effective or not. Often in bureau-
cracies, performance at lower organizational levels is hampered 
by the need to check with multiple layers of management before 
a decision can be made. This stifles individual motivation, ini-
tiative and creativity. Arlene Triplett of the U.S. Office of Manage· 
ment and Budget describes a government field manager's 
frustration: 
"One of the problems with productivity in the government is 
that the poor guys out there in the field trying to deliver services 
to the taxpayers have to go through five and six layers of manage-
ment before they can get simple decisions like, 'Can I replace my 
secretary? Can I buy a file cabinet?' " 
Recommendation 6.2 Resist the Tendency to Overregulate, 
and Provide Incentives for Productivity Improvement 
"For all the tools we have tried and texts we have studied, 
the real secret to improved productivity in our society is that 
simple but all-elusive commodity, plain old-fashioned trust 
-confidence in people and faith in their integrity." 
(Malcolm Stamper, The Boeing Company) 
An example of overregulation in the Federal procurement 
process was discussed by John Mittino, who described the 
Department of Defense's efforts during the last three and a 
half years to improve productivity with its contractors. This 
effort began with 32 Initiatives to shorten and simplify the 
acquisition process. At the present time, priority is being given 
to six management areas which Mittino says provide the greatest 
challenge and the greatest potential payback. These areas in-
clude: program stability, multi-year procurement, economic 
production rates, realistic budgeting, support and readiness, 
and competition. 
Anotherexample of continuing 000 efforts to enhance con-
tractor quality and productivity is through the use of contract 
incentives in its Industrial Modernization Incentives Program. 
NASA also is using the contractual process to encourage im-
proved contractor performance. 
"Incentive contracts have always been our primary tool 
to motivate business in the R&D environment. We are now 
placing increasing reliance on this controversial tool 
to focus on developing even more innovative and cost-
effective ways of doing business." (Gerald Griffin, Johnson 
Space Center) 
Griffin further stated that 15-year contracts were planned to 
give contractors the opportunity to introduce long-range 
improvements. Later on, a fixed-price contract is envisioned to 
inject greater productivity and cost consciousness incentives. 
These new contracts will allow NASA to delegate extensive 
management responsibilities to the contractor as NASA reduces 
its day-to-day involvement in operations support. 
In his review of initiatives undertaken by the President's 
Commission on Industrial Competitiveness, Executive Director 
Egils Milbergs outlined some components of a recently passed 
bill which will " modify the antitrust laws to permit precompeti-
tive R&D ventures." A central goal is to reduce paperwork and 
costs for industry and government. 0 
Look formore on quality and productivity in the next issue of 
NASATechBriefs. 
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Sperry and the future in Space: 
You have the choice. 
Sperry's Space Systems Division has openings for aero-
space professionals who want to help us meet the chal-
lenges of tomorrow's space business. Join us in working 
with advanced programs for NASA. 000 and space 
commercialization. 
Advanced Systems Development 
Lead the development of front -end concepts and 
innovative designs. Positions are available in both 
spacecraft and payload system technology in the 
areas of Mission Analysis, Communications, 
Guidance & Control, Optics and Signal 
Processing. 
Program Development 
Apply your technical background and business 
development skills to NASA and defense programs. 
Your responsibilities will include customer contact, 
applications engineering and technical marketing 
and planning. 
Make the right Choice 
If you have prior space experience or related 
qualifications and are ready to help us develop 
future space business, send your resume and salary 
history, in confidence, to Clarence Williams, Sperry 
(NASA-E636), MIS DV5C, P.O. Box 21111, Phoenix, 
N.85036. 
Equal Employment Opportunrty AfflrmabVe AcIlon Employer 
U.S. abzenshtp Is requored. 
Lellers 
The "Letters" column Is designed to en· 
courage a wide exchange of Ide.s among 
NASA Tech Brie" readers. To contribute 
e request for Information or to respond to 
such e request, use the feedback cerds In 
this Issue, or write or call: MenegerlTech· 
nology Trensfer Division, P.O. Box 8757, 
aaltlmorelWeshlngton International Air· 
port, MD 21240; (301) 859-5300. While we 
can print only a small number of letters, 
we will endeevor to select those that ere 
verled end of wide Interest. 
TANSTAAFL'S LAST STAND 
Thank you for reprinting TANSTAAFL in 
the Summer 1985 issue of NASA Tech 
Briefs. Many of my associates have enjoyed 
receiving copies and passing them around. 
The thing that's ironic is that not one in 
a thousand of us who read TANSTAAFL will 
admit that we may be part of the problem, 
performers in the government circus, at 
best, and possibly workfare recipients, 
at worst. 
Circuses and space programs are won· 
derful things. Both improve the quality of 
life. But how much of either is enough can 
only be decided by the free market, and any 
industry that exists largely on government 
subsidization is sure to provide more of its 
commodity than we need, most likely where 
we need it least. 
When government provides free clr· 
cuses, we should all ask, "Instead of what?" 
TA NSTAA FL. 
Andrew E.Barnlskls 
Principal Consultant 
Applied Dynamics and Ballistics Co. 
Levittown, PA 
TECH BRIEFS AT WORK 
Just read my first copy of NTB-Summer 
1985, Vol. 9, NO.2. How refreshing! One of 
the most stimulating publications I've seen 
In years. 
Having migrated from technical engln· 
eering Into managerial work over the years, 
I had concluded that technology had pass· 
ed me by. Your magazine restores my con· 
fldence; even I am able to understand most 
of it. Your editors do communicate well. 
. I was particu larly delighted by the article 
"Low Friction Joint For Robot Fingers," 
page 140. When I was a youngster building 
model airplanes, 35 years ago, this same 
concept worked well for control surface 
hinges. Our design motivation then, how-
ever, was not low friction. We couldn 't 
afford model shop hinges. 
Thanks for an excellent publication. 
R.E. Hine 
Clinton, TN 
I depend on Tech Briefs to keep me up-
dated on solar power research and to cata-
lyze creative thought In solar as well as 
other technical areas. I have used Tech 
Briefs as a source of information for advis-
ing builders and contractors of residential 
homes for years. I generally find your 
publication most helpful. 
James F. Long 
VP Research & Dev. 
Seaborn, Inc. 
Freeport, FL 
The availability of the report "Predicting 
Leakage in Labyrinth Seals" (NTB, Summer 
'85, p. 149) is of particular interest, because 
we regularly supply lip seals and flow re-
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strictor bushings along with our mechani-
cal seals. Because of our test lab work load, 
we don 't have time to test a lot of "small 
hardware," so the information on calcula-
ting labyrinth flow should help us in predict-
Ing bushing behavior. We can also compare 
it with our own equations, which are devel-
oped in-house. The lip seal report may pro-
vide us with ar, alternate auxiliary sealing 
method. 
Rich Piccirilli 
Borg-Warner 
Temecula, CA 
I like your new format and current style. 
NASA Tech Briefs has helped solve or sug-
gested solutions to many problems too 
numerous to mention here. 
Alvord Rubino 
Senior DeSign Engineer 
Budd Lake, NJ 
I have been selecting material for stress 
measurements at cryogenic temperatures 
in biological materials. NASA Technical 
Support Packages have supplied necessary 
data on stainless steel dimensional 
changes at low temperatures. 
Jerry D. Leaf 
Research Associate 
UCLA Medical Center 
Los Angeles, CA 
From each issue of NASA Tech Briefs, 
certain tech briefs are selected because 
they are likely to have either direct or in-
direct impact on our processes or products. 
These tech briefs are then circulated among 
key people who are Involved with the spe-
cific technology. 
Normand L. Peterson 
Technical Specialist 
Hercules Inc. 
Magna, UT 
Your articles on engine efficiencies have 
aided in the development of modifications, 
designed and built by us for use on large 
and small gasoline and diesel engines. 
Anthony Petrone 
Petrone's Automotive Supplies 
Erie, PA 
Recently I was designing a low-power bat-
tery.back-up supply for a communications 
terminal. An auto-reset circuit breaker at 
24VDC to react at 5 Amp was required, 
which was not available on the open market. 
I was introduced to NASA Tech Briefs and 
found the DC solid state circuit breaker and 
requested the information package (MFS-
25172). The circuit derived from this infor-
mation worked perfectly in the prototype 
and the design package was accepted. 
Thanks again. 
Dale A. Richardson 
Tracor Applied SCiences 
Virginia Beach, VA 
WANTED: LAMBERTIAN REFLECTOR 
We are looking for a white Lambertian 
reflector for use in niyag lasers with a binder 
that does not degrade in the presence of UV 
light. 
D. Hatchfleld 
Coherent General, Inc. 
Sturbridge, MA 
For help in finding the Lambertian reflec-
tor, we suggest you contact the NASA In-
dustrial Applications Center nearest you. 
These Centers offer computerized access 
to a comprehensive collection of scientific 
and technical documents produced by 
NASA, by other government agencies, and 
by corporate and academic research 
organizat ions around the world. Each 
Center also has a professional staff that can 
help you evaluate your information needs 
and assist you with solutions to specific 
technical problems. For the location of the 
Industrial Applications Center nearest you, 
see page 29, this issue. 
ONE MORE TIME 
We have completed the NASA Tech 
Briefs subscription request form, at your re-
quest, nine times in the last year and a half. 
Why is this necessary? Please respond! 
T.Pappan 
Technology Transfer 
Corunna, MI 
The recent commercialization of NASA 
Tech Briefs makes it necessary for subscri-
bers to complete a qualification form once 
a year in order to continue to receive our 
free publication. 
Our records indicate that you were de-
leted from our mailing list in earty 1984 due 
to a late return of a recircularization form . 
Since then you have returned two incom-
plete subscription requests. Though you 
are on our mailing list, it is necessary for 
you to complete the subscription form in its 
entirety once a year In order to continue 
your free subscription. 
We hope to have your understanding for 
this requirement and apologize for any in-
convenience caused by such a request. We 
are forwarding all NASA Tech Briefs you 
conceivably might have missed in the last 
18 months. 
Editor's Note: NASA Tech Briefs will make 
every effort to inform subscribers well in 
advance that they need to complete a new 
qualification form, and to insure that they 
continue to receive NASA Tech Briefs 
without Interruption. In return, we ask that 
you complete the form after the first re-
quest to do so. 
CORRECTIONS 
First the good news: I like the new NASA 
Tech Briefs. They're a big improvement over 
the old ones. 
Now the "questlon::.ble" news: a five-
jewel propulsed laser? Is that anything like 
a five-jewel watch? 
Are you sure you don 't mean five-joule, 
the SI (Systeme International) unit of 
energy? 
Insincerely yours, 
W.R. Bozman 
Albuquerque, NM 
Editor's Reply: Indeed we do. Our apolo-
gies for this oversight and our thanks for 
pOinting it out. 
In the Summer 1985 issue of NASA Tech 
Briefs, management of the Venus Radar 
Mapper (YRM) Project, which was featured 
on the front cover, was incorrectly attribu-
ted to the Ames Research Center. The VRM 
Project is managed by the Jet Propulsion 
Laboratory, Pasadena, California. Ames 
Research Center is responsible for manage-
ment of the Pioneer Missions, including the 
Pioneer Venus Orbiter. We regret the error. 
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ARTlF1CIAL WETLANDS 
Please send me any information you may have regarding the 
creation of artificial wetlands with natural waste. 
John Freis 
Oneida, WI 
The following documents, available from the American Institute 
of Aeronautics and Astronautics (see address below), contain the 
information you requested: 
A80-49996, The Production Of Substitute Natural Gas And 
Recyclables From Municipal Solid Waste 
A80-49974, The Potential In Denmark For Substituting Natural 
Resources By Waste Incineration Products. 
You may also wish to purchase the following publications from 
the National Technical Information Service (see address below): 
N85-19548, Removal Of Heavy Metals By Artificial Wetlands 
N82-77262, Validation Of Predictive Models For Geologic' 
Disposal Of Radioactive Waste Via Natural Analogs 
N84·18794, Salton Sea Geothermal Field, California, As A Near· 
Field Natural Analog Of A Radioactive Waste Repository In Salt 
N77-26032, Improved Waste· Treatment Systems Design Based 
On The Natural Thermal Environment 
N76-24771 , Natural Methods Of Purifying Waste Water And Utiliz· 
ing Them In Agriculture, Bibliography, Parts 1 and 2 
Please write to AIAA and NTIS directly to inquire about costs 
and mailing arrangements. 
KUDOS & CHRONOGRAPHS 
My main Interest is In electronics and communications. Your 
magazine has opened a new door for my company with your unique 
circuits and articles. Keep up the good work! 
How about some info on chronographs? 
Steve w. Teegarden 
Ft. Collins, CO 
You may wish to purchase the following publications from the 
American Institute of Aeronautics and Astronautics (AIAA), Tech· 
nical Information Service (see address below): A76-30479, Plco· 
Femtosecond Electrooptic Chronograph; A69-26598, The Use of 
the YuS-38M Chronograph For Testing High-Speed, Curtain· Type 
Shutters; A68-32677, Device For Making Chronograph Imprints. 
You may also wish to purchase the following documents from 
the National Technical Information Service (NTIS) (see address 
below): N70-74327, Assembly Of An Electric Chronograph With 
Automatized Output On Punched Cards For Use In The Observatory 
With A Transit Instrument; N 70-74099, The Solenoid·Electrostatic 
Aberdeen Chronograph. Please write to AIAA and NTIS directly to 
inquire about costs and mailing arrangements. 
To Inquire about the availability and cost of documents published 
by the Amertc:an Institute of Aeronautics and Astronautics, wrtte: 
AlAA; Technical Information ServiCes, 555 West 57th Street, New 
York, NY 10019. To purchase publications from the National 
Technical Information Service, wrtte: NT1S, 5285 Port Royal Road, 
Springfield, VA 22161. 
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Aeronautics and Space Administration. NASA Tech Briefs is 
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to other domestic technology transfer agents. It is both a current-
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products ... industrial processes .. . basic and applied 
research . .. shop and lab' techniques . . . computer software .. . new 
sources of technical data ... concepts .. . can be found here. The 
short section on New Product Ideas highlights a few of the 
potential new products contained in this issue. The remainder of 
the volume is organized by technical category to help you quickly 
review new developments in your areas of interest. Finally, a 
subject index makes each issue a convenient reference file . 
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Further Information on Innovations-Although some new 
technology announcements are complete in themselves, most are 
backed up by Technical Support Packages (TSP's). TSP's are 
available without charge and may be ordered by simply 
completing a TSP Request Card, found at the back of this 
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a nominal fee from other sources, as indicated. In addition, 
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the inventions described, and patent applications have been 
submitted on others. Each announcement indicates patent status 
and availability of patent licenses if applicable. 
Other Technology Utilization Services-To assist engineers, 
industrial researchers, business executives, Government officials, 
and other potential users in applying space technology to their 
problems, NASA sponsors Industrial Applications Centers. Their 
services are described on pages 28-32. In addition, an extensive 
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Both the award-winning Mall At 163rd Street In Miami, Fla. (left) and the East Towne 
Mallin Knoxville, Tenn. are completely enclosed by permanent FIberglas fabric 
roofs. The material was originally used In the space program during the Apollo era. 
Fabric structures are nothing new-that is, temporary fabric structures. Tents have been 
around for quite awhile, and although 
tepees and covered wagons have come 
and gone, a permanent fabric structure 
material has recently taken its place on 
the American landscape. 
What to wear to the moon is the 
question that spurred the develop· 
ment of a lightweight, flexible and 
durable fabric made of woven Fiber· 
glas® coated with Teflon~ During the 
Apollo program, NASA sought to im· 
prove upon the fabrics it had used in 
fashioning space suits for the Mercury 
and Gemini astronauts, and began its 
search for a durable and noncombusti· 
ble material that was also thin, 
lightweight and flexible. 
At the time, Owens·Corning was 
developing a glass fiber yam that 
could be woven into a fabric. The fabric 
was then coated with Teflon for added 
strength, durability and hydrophobi· 
city-the ability to repel moisture. The 
material met NASA specifications and 
was used in space suits throughout 
the Apollo era. 
The technology developed for the 
space program soon found additional 
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applications. The health care market 
required flame·resistant draperies and 
the Fiberglas fabric was adapted for 
that use. A more recent application is 
in the construction field, where a 
heavier version of the Fiberglas fabric 
is used as a permanent covering-or 
roof-for an airport terminal in Saudi 
Arabia, animal enclosures at zoos in 
Boston and North Carolina, stadiums 
in Michigan and Canada, and shopping 
malls in Miami, Fla, Knoxville, Tenn., 
Houston, Texas, San Mateo, Cal., and 
Albany, N.Y. 
The construction adaptation of the 
Fiberglas fabric is marketed under the 
trade name Sheer·FiII® by O.C. Bird Air 
of Buffalo, New York, a jOint venture 
fabric structures company owned by 
Owens-Coming and Chemical Fabrics. 
(Structo·Fab, a trade name registered 
by Owens·Corning prior to the joint 
venture agreement, is currently being 
phased out.) 
Sheer·FiII is gaining popularity with 
building engineers and owners for a 
number of reasons. The fabric's trans· 
lucency value, which ranges from 4 to 
18 percent, reduoes lighting needs and 
its reflectivity lowers cooling costs, so 
Sheer·Fill is considered energy effi· 
Through the technology transfer 
process, many of the systems, 
methods and products pioneered 
by NASA are r .. applled In the 
private sector, obviating duplicate 
research and making a broad range· 
of new products and services 
available to the public. 
cient. The Teflon coating reduces 
maintenance costs by increasing the 
fabric's resistance to moisture, 
temperature extremes and deteriora· 
tion. Pound for pound, Sheer·Fili is 
stronger than steel and weighs less 
than five ounces per square foot. 
These factors combine to lower initial 
costs and speed construction. 
Architects are favorably impressed 
with Sheer·Fili as well. It combines the 
aesthetic appeal of light, airy and 
unobstructed spans with a degree of 
space utilization that invites innovative 
design concepts-domes, atriums 
and sharply sloping roofs reminiscent 
of circus tents. 
Typically, fabric structures are built 
in one of two ways. Either they're ten· 
sian structures that are supported by 
a network of cables and pylons, or ai r· 
supported structures that consist of 
an outer membrane and an inner liner. 
The area between these two layers is 
inflated to maintain the pressure dif· 
ferential necessary for roof rigidity. 
The air·supported structure concept 
is also being applied in creating domes 
to protect and shield radar and micro· 
wave antennas. The radome® provides 
an electromagnetic window for the 
microwave landing control antennas 
used by air traffic controllers, and the 
FAA is currently using radomes in 
developing its experimental wind 
shear detection radar system. Again, 
the material in use is Teflon·coated 
fiberglas fabric, all of which goes to 
show just how far innovative tech· 
nology can travel-from the earth to 
the moon and back. 0 
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Zero defects at zero gravity. 
When you're working on America's first space station, the ultimate goal is 
zero defects at zero gravity. 
Which is why NASA depends on Honeywell Reliability to make outer space 
ideas a reality. 
Honeywell hasplayed a major role in every one of NASA's manned space mis-
sions, from the X15 through Gemini and Apollo, to Sky Lab and the Space Shuttle. 
And now we're working with other leaders in the aerospace industry to engineer 
critical control systems for life support, power distribution and guidance and 
navigation for NASA's first space station, scheduled for deployment in the mid-199Os. 
Honeywell combines advanced technology with reliable performance 1"1 
to insure America's space program will succeed well into the 21st century - ~
and beyond. ..... 
Honeywell Reliability 
Together. we can find the answers. 
Honeywell 
Circle Reader Action No. 364 

